ASSESSMENT FOR CONSTRUCTION RISK MANAGEMENT TRENDS: THE CASE FOR CONSTUCTION PROJECTS UNDERTAKEN BY LOCAL GRADE-ONE CONTRACTORS by HABTAMU ESKEZIA ALEMAYEHU & Messay Daniel (PHD
 
______________________________________________________________________________ 
ASSESSMENT FOR CONSTRUCTION RISK MANAGEMENT TRENDS: 
THE CASE FOR CONSTUCTION PROJECTS UNDERTAKEN BY LOCAL 
GRADE-ONE CONTRACTORS 
 
BY 
HABTAMU ESKEZIA ALEMAYEHU 
 
A Thesis Submitted to the College of Architecture and Civil Engineering in Partial 
Fulfillment for the Requirement of the Degree of Master of Science in Civil 
Engineering, Construction Technology and Management 
 
ADDIS ABABA SCIENCE AND TECHNOLOGY UNIVERSITY 
 
 
June 2018 
Addis Ababa, Ethiopia 
  
       I 
 
  
Declaration 
I hereby declare that this thesis entitled “Assessment for Construction Risk Management 
Trends: The Case for Construction Projects Undertaken by Local Grade-One 
Contractors” was composed by myself, with the guidance of my advisor, that the work 
contained herein is my own except where explicitly stated otherwise in the text, and that this 
work has not been submitted, in whole or in part, for any other degree or processional 
qualification.  
 
_______________________ 
Habtamu Eskezia Alemayehu 
May 23, 2018 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      II 
 
  
Approval Page 
This MSc thesis entitled with “Assessment for Construction Risk Management Trends: The 
Case for Construction Projects Undertaken by Local Grade-One Contractors” has been 
approved by the fallowing examiners after the presentation of the study for the Master of Science 
in Civil Engineering, Construction Technology and Management. 
Date of Defense: June 5, 2018 
Habtamu Eskezia Alemayehu   
       Candidate     
Messay Daniel (PHD)                                      ____________    _____________ 
    Principal Advisor             Signature      Date 
Members of the Examining Board: 
1. _______________________________      ____________      ____________ 
Internal examiner              Signature                Date 
2. Denamo Addissie (PhD)             ____________     ____________ 
External examiner                              Signature       Date 
3. Simon G/Egziabher (MSc)         ___________    _____________ 
Head, Civil Engineering                                           Signature                 Date 
4. Melaku Sisay (PhD)         ____________    ____________ 
PG Programme Coordinator            Signature                 Date 
5. Birook Abate (PhD)           ___________   _____________ 
Dean, College of Architecture and Civil Engineering        Signature      Date 
 
 
 
 
 
 
 
 
      III 
 
  
Acknowledgement 
First of all I would like to express my sincere gratitude to my advisor Dr. Messay Daniel for his 
wonderful constructive comments, continued guidance and great support for the successful 
accomplishment of this research. Also I would like give special thanks to my co-advisor Mr. 
Shiferaw (Rama Construction Planning and Contract Administration Manager) for his kind 
guidance and supervision throughout the process to achieve the objectives. 
Thanks for all those parties especially project managers, planning managers, and office engineers 
who participate in the study through interviews, questionnaires, and gives me case project 
schedules and other relevant data. 
Finally, I want to say thanks for all local grade-one construction companies those are willing to 
give me the data that are necessary to achieve my objectives. Those construction companies are 
Afro-tsion construction, Aser construction, Bokra construction and Trading PLC, Diriba 
Defersha construction, DMC construction, Dugda construction, Eshetu Lema Road Contractor, 
Etete construction, Gulf Engineering, Melcon construction, Oromia road works construction, 
Rama construction, Satcon construction, Sunshine construction, Sur construction, Teklebirhan 
Ambaye construction, and United construction PLC.  
 
 
 
 
 
 
 
 
 
 
      IV 
 
  
Abstract  
Currently, construction is one of the sectors leading the way towards modernization and 
industrialization in Ethiopia. Hence it is essential to apply the concept of management in every 
project in order to create healthy construction environment. Construction industry is exposed to 
wide array of risks, with complex and dynamic project environments creating an atmosphere of 
high uncertainty and risk, and it impacts on their performance towards achieving the desired 
objectives.  Literature told that risk management in construction projects is full of deficiencies 
that affect its effectiveness as a project management function and in the end, projects’ 
performance. According to different literatures risk management in construction projects has 
been approached usually by using a reductionist approach (risk reduction) that produces poor 
results and limits the quality of project management. It shows that delays and cost overruns are 
the common negative effects of risk inherent to construction projects.  
The main objective of the study is to assess the risk management practices and to show how risks 
are managed through risk management tools for construction projects undertaken by local grade-
one contractors. The study was used interviews and questionnaire rather than cases and other 
dusk studies to conduct the study.  All analyses are through qualitative and quantitative way 
based on theoretical and practical backgrounds regarding risk, risk management process, 
principles and techniques; and a model (Primavera Risk Analysis) was used for the case sample 
construction project schedules. 
Therefore, the study concludes that construction risks are not managed by applying risk 
management principles and techniques, and through the applicability of risk management 
tools/models. In addition the study shows, project schedules doesn’t show when the project 
completes and how much it consumes. Whereas applying formal risk management principles and 
techniques in construction projects and managing risks through the applicability of risk 
management models/tools are recognized as a very important risk management system in order 
to achieve the project objectives to overcome cost overruns and uncertain delays in project 
completion.  
     Key words: Risk, Uncertainty, Delay, Cost Overrun, Risk Management, Models/Tools of Risk 
         Management, RM Techniques, Primavera Risk Analysis. 
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Glossary 
Applications: Tools or models that used to analyze and manage risks. 
Local grade-one contractors: are companies established in Ethiopia in which they are qualified 
to undertake a variety of construction works in an unlimited contract value and they are 
classified as general contractors, road contractors and building contractors, etc. 
Impact: The cost, benefit or risk, financial or socio-economic, rising from an investment option. 
Monitoring: Continual checking, supervising, critically observing or determining the 
status/progress in order to identify change from the performance level required or expected. 
Project lifecycle: The stages of an asset lifecycle between the identification of the need and the 
delivery and handover of an initiative. 
Risk: Risk is often characterized by reference to potential events, consequences, or a 
combination of these and how they can affect the achievement of objectives. Risk is often 
expressed in terms of a combination of the consequences of an event or a change in 
circumstances, and the associated likelihood of occurrence. 
Risk assessment: Overall process of risk identification, analysis and evaluation. 
Risk acceptance: This is often where the residual risk is accepted, or the risk of some extremely 
low likelihood events but high consequence events are accepted.  
Risk avoidance: The decision not to be involved in, or to withdraw from, an activity based on 
the level of risk.  
Project: A group of activities that have to be performed in a logical sequence to meet pre-set 
objectives outlined by client.  
Risk identification: The process of finding, recognizing and describing risks. 
Risk management: Coordinated activities to direct/control an organization with regard to risk. 
Risk mitigation: The measures taken to reduce an undesired consequence. 
Risk transfer: Insurance (treatment of last resort)…we are still going to manage our key risks 
despite the fact they may be insured! 
Risk vs. uncertainty: Uncertainty is the extent of variability in the capacity to achieve the 
desired outcomes or the outcomes themselves. Risks lead to uncertainty. 
Project risk management: includes maximizing the results of positive events and minimizing 
the consequences of adverse events. 
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CHAPTER ONE 
INTRODUCTION 
1.1 General Background 
Construction industry has become one of the major sectors that significantly contribute to the 
economy of Ethiopia. The contribution of the Ethiopian construction industry to the economy has 
now reached 8.2%, and public construction projects share an average annual rate of 60% of the 
Government’s capital budget (Tsegaye, 2009). The construction industry is distinct from other 
industries because of its complex system of management practices for each project life-cycle. 
Each project is unique and has its own specific design to be constructed on a particular site 
within a definite timeframe, cost/payment, materials, equipment and labor and it should be 
managed systematically. Then it is characterized by vast usage of resources, and is highly 
sensitive to work environment changes which held to uncertainty and risk. 
In addition construction industry is highly exposed to risks, with complex and dynamic project 
environments creating an atmosphere of high uncertainty and risk, and it might have a direct 
impact on their performance towards achieving the desired objectives (Abdulrahman H., 2015). 
However, managing risks in construction projects has been recognized as a very important 
management process in order to achieve the project objectives in terms of time, safety, 
environmental sustainability; and to overcome failure of abiding by quality and operational 
requirements, cost overruns and uncertain delays in project completion. 
Risks might come from various sources such as uncertainty in financial markets, threats from 
project failures, legal liabilities, credit risks, accidents, natural causes, deliberate attack from an 
adversary, or events of uncertain or unpredictable root-cause. Different methods can be applied 
to manage risk which may range from transferring of the risk to subsequent party, avoiding the 
risk factor, minimizing the consequences of risk and accepting the effect of risk. (Pieplow, 2012)  
Generally, risk management and the models those used to manage risks should be emphasized 
and implemented in construction projects, regardless of the project size, to assure the 
achievement of project objectives. In addition, in project management, project risk is an 
uncertain event that, if it occurs, impacts at least one project objective, and project risk 
management intends to increase the probability and impact of positive events, and decrease the 
probability and impact of negative events. (Tsegaye, 2009) 
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1.2 Statement of the Problem 
Among the challenges facing in Ethiopian construction industry, the one is incapable of applying 
risk management principles and techniques (Addis, 2014). These might be come due to lack of 
experience and awareness about how to assess and analyze the risks of cost and time overruns, 
and it results unable to deliver projects within the allocated budget and on a scheduled time. In 
addition these and all other related risks might cause losses that lead to increase in costs, time 
delays and lack of quality of projects. The root cause of this problem is hence risk management 
may not be applied in construction projects and also those applications that used to manage risks 
may not be applied systematically. At present, it is seen that project managers lack appropriate 
decision support tools for simultaneously addressing project risks due to cost, schedule, and 
quality. Usually risk is handled through the application of contingencies (money) or floats (time) 
that are not determined based on a comprehensive analysis of the risks, and that in many cases 
are clearly insufficient to cover the consequences of risks that do occur during the project 
realization.  
Therefore, in Ethiopian construction sector the major problem what we have seen is that ‘most 
construction projects were completed with cost overruns and later than the scheduled time’. An 
implication in which the project is not completed within budgeted cost and scheduled time is 
shown in table 1.1 below. 
Table 1.1: Sample report for the accomplishment of projects 
Project 
code 
Planned  
duration 
Planned cost 
Actual 
duration 
Actual cost 
Schedule 
variance  
Cost variance 
XDD-1 180 57939812.62 305 59004095.73 125 1064283.11 
XDD-2 180 66630784.52 335 122317382.21 155 55686597.69 
XOR-1 125 17937849.50 142 22872929.80 17 4935080.3 
XOR-3 374 7901946.33 404 8823044.49 30 921098.16 
XOR-4 72 2141082.94 97 2583605.02 25 442522.08 
XBok-1 303 191376816.99 324 199027455.86 21 7650638.87 
XTA-1 1167 599147575.89 1385 650949716.97 218 51802141.08 
XTA-2 706 2379169839.4 835 2379170251.7 129 412.3 
XTA-3 618 196196884.14 648 196197002.3 30 118.16 
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1.3 Research Questions 
 What seems to like the level of understandings of grade-one local contractors about the 
concepts and principles of risk management and the tools used to manage risk? 
 How risks are managed and how to respond risks in construction projects undertaken 
by local grade-one contractors? 
 What are the possible principles and methods/techniques used to manage risks and in 
what level they are applied in construction projects undertaken by grade-one local 
contractors? 
 What are the actions or remedial measures taken that reduces risks in construction 
projects? 
 How risks are managed through risk management models/tools for construction 
projects undertaken by local grade-one contractors? 
 
1.4 Objective of the Study 
1.4.1 General Objective 
The general objective of the research is to assess the risk management practices and to show how 
risks are managed through the applicability of risk management tools for construction projects 
undertaken by local grade-one contractors. 
1.4.2 Specific Objective 
 To assess the level of understandings of local grade-one contractors about the concepts 
and principles of risk management and the applications used to manage risk. 
 To assess how to apply risk management and how to respond risks in construction 
projects undertaken by local grade-one contractors. 
 To identify the possible methods or techniques and processes applied to manage risks 
and the actions taken to reduce such risks in construction projects. 
 To show how risks are managed through the applicability of risk management tools for 
construction projects undertaken by local grade-one contractors. 
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1.5 Significance of the Study 
The results of the research will allow a client or contractor first, to apply formal risk 
management systems in construction sector based on best practices, and second to improve the 
performance along the realization of new projects through the use of risk management tools. 
Also the paper used as an evidence-based decision support tool for the construction industry that 
risk management is the major tool for a healthy and productive execution of the project. The 
research findings may help parties involved in construction to improve their risk management 
strategies. The claims and disputes due to uncertainty and risk that arise during and after 
construction can be avoided by improving risk management. The research is significant in 
helping alleviate some of the problems facing the construction industry by enlightening the 
parties about risk management starting from the contractual stage and in turn making the projects 
achieve their objectives. 
The outcome of the research tells how risk would be managed, what major risk management 
principles and techniques are applied, what seems to like the understandings of grade-one local 
contractors about risk management, how risk management tools are used to manage risks in 
construction projects, identifies the possible methods and processes applied to manage risks and 
the actions taken to reduce risks, and recommends the appropriate models and techniques aimed 
for managing risks well in construction projects undertaken by local grade-one contractors. 
1.6 Scope of the Study 
The scope of the study is very much limited to assessing the risk management practices and to 
show how risks are managed through the applicability of risk management tools for construction 
projects undertaken by local grade-one contractors. Grade-one local contractors are selected 
because in most cases huge projects are executed by grade-one contractors and they have 
relatively structured organizations. Therefore, the study was conducted by selecting the 
reasonable number and meaningful choice of sample construction firms in Addis Ababa. Addis 
Ababa is selected because of most construction activities that are carried out in the city. The 
problem of RM has shown all over Ethiopia and even the study uses some risky projects 
executed in the country side rather than in Addis Ababa. However, all the projects main offices 
are found in Addis Ababa. How and in what way construction risks are managed especially 
through risk management models/tools are the major concerns of the study. 
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1.7 Statement of Limitations 
The study was challenging especially in collecting data. First of all the methodologies in which 
they are proposed on proposal are interviews, project schedules as a case study and document 
analysis. But when the study is going on, questionnaires are necessary in order to answer 
questions in which they needs ranking especially those questions having too much choices. So 
the study uses questionnaire as one of additional research methodology. The study coincide some 
major challenges. Among them, lack of willingness for interview by the respondent hence 
interview is one methodology to conduct the study was one major challenge. The other challenge 
to collect the data was, respondents are unable to fill questionnaire on time. Hence questionnaires 
are distributed to 31 different parties and it was collected in a challenging way.  
The other major challenge that was happened during conducting the research was, some local 
grade-one contractors are not willing to give project schedules hence case studies through project 
schedules are proposed as one methodology to conduct the study. In proposal it was proposed to 
collect about 31 different construction projects from 31 different local grade-one construction 
firms. Because construction firms are not interested to give their project schedules, out of 35 
local grade-one construction firms those are visited during data collection, only 17 (55%) 
construction firms gives their project schedules. But some of them were given two or more than 
two project schedules with a total of 34 construction project schedules are collected and analyzed 
through primavera risk analysis. Each construction project schedules and each respondent 
represents one construction firm for analysis. More risky project schedules, whether it is road or 
building, are collected from those construction firms for analysis. 
Finally, the study is focused on general risk management practices for local grade-one 
contractors and shows the applicability of risk management models or tools to manage 
construction project risks. Due to the specific ness of the study risk claims and its contractual 
issues are not studied.  
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CHAPTER TWO 
LITERATURE REVIEW 
2.1 Risk and the Construction Industry: Overview 
The construction industry operates in a very uncertain environment where conditions can change 
due to the complexity of each project. Hence construction projects are always unique, risks are 
raise from a number of different sources, and are inherently complex/ dynamic, involving 
multiple feedback processes. A lot of participants are actively involved in the construction 
projects, and their interests may be positively or negatively affect as a result of the project 
execution or completion. Different participants with different experience and skills usually have 
different expectations and interests. This naturally creates problems and confusion for even the 
most experienced project managers and contractors. (Banaitis, 2012) 
At any stage of a life cycle, construction projects are plagued with various risks due to the 
complex and dynamic nature. According to (Hilson, 2009) all projects are risky and there are 
three separate reasons for that. 
 
The first reason is that all projects share common characteristics 
which inevitably introduce uncertainty. The second reason is that all projects are undertaken to 
achieve some specific objectives. The final reason is that all projects are affected by the external 
environment they exist in. Project risk is an uncertain event that, if it occurs, impacts at least one 
project objective, and project risk management intends to increase and decrease the probability 
and impact of positive and negative events respectively (Abdolmohamadi, 2014). A construction 
project is characterized not only by its size and complexity, but also by various events and 
interactions which take place during the life cycle of a project. The work environment is 
constantly changing due to the number of participants involved, the project duration and the 
events along the way. (Sanvido, 1992) 
In addition (Tsegaye, 2009) tells that construction projects are subject to more risks as they face 
more challenges due to their resource constraints, tight project schedules, requires high skills and 
strategic management, and constitutes lot of stakeholders. Some of the risks involved in 
construction projects are force majeure, differing site conditions, delays and extension of time, 
liquidated and consequential damages, occupational health and safety of workers and unexpected 
termination or suspension of work. (Addis, 2014) 
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2.2 Categorization of Construction Risks 
2.2.1 Contractual Risks 
Construction contracts are inherently fraught with risks. Contractors are (or should be) rewarded 
on the basis of the risks they bear in a contract risks should be transferred to those in the best 
position to control them. (Mbachu, 2014) Corroborate this by arguing that risks should be 
transferred to those in the best position to control them. Also the provisions of the contracts 
governing the various parties’ rights and obligations serve as the most appropriate tool for 
allocating the inherent risks on this basis. However, (Mbachu, 2014) view of contractual risks is 
only limited to the payment and performance risks, which are often addressed through indemnity 
and insurance provisions in the contract. So such risks are reimbursable via those provisions. 
According to (Mbachu, 2014) planning risks in terms of timeframes that are too tight to achieve 
satisfactory completion of a project were identified as the main contractual risks faced by 
contractors during tendering. The pressure to complete a project on time is often immense, 
especially when costly liquidated damages are involved, which add an additional dimension in 
terms of financial costs and risks. Unforeseen site conditions were identified as the second and 
greatest contractual risk factors relatively. Difficulty and uncertainties around site conditions 
constitute one of the inflating factors to contractors’ pricing in competitive tendering.  
Additionally the availability of key inputs such as material and labor was identified as the third 
most significant contractual risk factor. (Mbachu, 2014) 
Overall project related risks were identified as one of the major contractual risks groups, having 
risk components with risks comprise experience and capability of estimating team, poor design 
and documentation, and insufficient time given to price the work. Overall the pricing contractual 
risks were identified as mid-ranking risks, suggesting that risks around initial pricing is not the 
major concern of most contractors, probably because many look up to variations to make up 
envisaged profit on a job. Unreasonable expectations by the client was identified as a significant 
risk and ranked as the 6th most significant set of risks. This suggests that architects or 
consultants are possibly not doing enough to educate their clients on realistic expectations from 
the project team.  
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2.2.2 Financial Risks 
Financial risks are totally all risks that relate to financial developments external to the project 
that are not in the control of the project developer. This results from consequences that may have 
adverse economic effects. Exchange rate risk relates to the possibility that changes in foreign 
exchange rates alter the exchange value of cash flows from the project. This risk may be 
considerable, since exchange rates are particularly unstable in many developing countries or 
countries whose economies are in transition.  
Surprisingly, (Mbachu, 2014) conclude by giving very low risk impact ratings for finance related 
risks. These results were the identified subcomponent risk factors within this group, particularly, 
interest rates on bank loans and overdraft facilities issues as significant risks for contractors. 
Perhaps, this could be because the majority of the respondents being subcontractors did not 
depend on bank loans and overdraft for project financing.  In addition to exchange rate 
fluctuations, construction companies may face the risk that control or lowering reserves of 
foreign exchange may limit the availability in the local market of foreign currency needed by 
them to service its debt or repay the original investment. Interest rate risk forces the project to 
bear additional financing costs. This risk may be significant in infrastructure projects given that 
usually large sums borrowed and the long duration of projects, with some loans extending over a 
period of several years. 
2.2.3 Political Risks 
Both construction companies and financial companies face risks that the project execution may 
be negatively affected by acts of the contracting authority (Government), another agency of the 
government or the host country’s legislature. Such risks are often referred to as political risks. 
Political risk faced by firms can be defined as “the risk of a strategic, financial, or personnel loss 
for a firm because of such nonmarket factors as macroeconomic and social policies. Political risk 
includes risks such as changes in law, payment failure by government, increase in taxes and 
change in government.  
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2.2.4 Legal Risks 
Legal risks are risks in connection with non-compliance with legal or regulatory requirements. 
Much of the law is general and will apply to all organizations e.g. employment law, health and 
safety, environmental legislation, etc. Some of the legal risks that a construction projects can 
face are related to lease of property, ownership of asset and breach of financial documents. 
2.2.5 Environmental Risks 
Risks relating to occurrence of environmental incidents during the course of implementation of 
the project are referred to as environmental risks. These risks are generally within the control of 
the construction and operation or maintenance consortium. In addition environmental risks has 
been increased due to the presence of strict legal liability in relation to such environmental 
incidents, which can result not only in adverse effects on the financials of a project but may also 
cause a closure of any work or operations of and in relation to the facility.  
2.2.6 Operating Risks 
Some of the risks may face in construction projects that were applied during operations and 
maintenance type services. More specifically, operational risk can be defined as the risk of loss 
resulting from inadequate or failed internal processes, people and systems, or from external 
events. Some of the risks and actions available to the concession company include: 
 Performance risk: The completed facility cannot be effectively operated or maintained to 
produce the expected capacity, output or efficiency. 
 Operation cost overrun: The operating cost exceeds the original estimates. 
 Operating contractor default: The concession company may terminate the operations and   
maintenance contract and appoint a new operations and maintenance contractor.  
 Default: The default may be caused by the actions of a third party, in which case the 
concession company could make claims of damages against that party. 
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2.2.7 Force Majeure Risks 
These risks are regarding the events that are outside the control of any party and cannot be 
reasonably prevented by the concerned party and generally arise due to causes extraneous to the 
project. Force majeure events include natural force majeure events, direct or indirect political 
force majeure events. Natural force majeure events comprise of all events that can be attributed 
to natural conditions or acts of god such as earthquakes, floods, cyclones and typhoons. 
2.3 Construction Risk Management 
Different researchers were studied about the practices, effects, and challenges of construction 
risk management. (Alina, 2013) Studied about risk management entitled with “Risk 
management: an integrated approach to risk management and assessment’’. Using evidence from 
other research in the area and the professional expertise, the study outlines an integrated 
approach to risk assessment and risk management reporting processes, by separating the risk in 
two main categories: strategic and operational risks. From the findings he conclude that, by using 
an integrated approach to risk assessment and risk management will be eliminated the need for a 
separate Internal Audit risk assessment over prevailing risks.  
(Abdolmohamadi, 2014) concludes, in his study titled as ‘risk management in small construction 
projects in Kermanshah province’, that an attempt to investigate the reasons for the low-level 
risk management implementation, lack of time, lack of budget, low profit margin, and not 
economical were the prominent barriers that should be overcome by practitioners to 
acknowledge more benefits of risk management in small projects.  In his study, ‘Risk planning in 
construction of highway project: case study’, (Vishambar A., 2016) uses a ‘risk management 
model’ a model which is simply the set of choices made by executives about how the work of 
management gets done-about how they define objectives, motivate effort, coordinate activities, 
and allocate resources with its levels of planning, risk identification and its impact on 
construction project, and mitigation. Finally after conducting a research he tells that effective 
risk management process encourages the construction companies to identify and mitigate the 
risks and later if those risks managed effectively they can efficiently enjoy financial savings, and 
greater productivity, improved success rates of new projects and better decision making.  
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(Reddy, 2015) also investigates to acquire an overall idea about risk and its consequences in 
construction field and the process required for its management by using survey and case study in 
his thesis paper, ‘Risk management in construction industry: a case study’. He concludes that, as 
per the project actors, risk management is strongly linked with the production phase.  
From Addis Ababa University, (Addis, 2014) studies about the practice of using construction 
contract risk management techniques in Ethiopian building projects and to emphasize the 
importance of such practice in achieving project objectives in his the paper entitled as ‘a study on 
construction contract risk management practices in Ethiopian building construction projects’. He 
concludes, by using questionnaire and document analysis, most of the parties involved in the 
Ethiopian building construction projects are aware-of the concept of risk management through 
word of mouth but only a relatively smaller number of this group believe they have an adequate 
knowledge needed for applying these risk management techniques to make their projects 
successful. Therefore so many literatures were studied in the concept of risk Management in the 
construction industry and all of them agreed that effective risk management is necessary in 
construction projects to achieve the objectives.  
Risk management in construction projects is full of deficiencies that affect its effectiveness as a 
project management function and in the end, projects’ performance (Tsegaye, 2009). For many 
years, risk management in construction projects has been approached using a reductionist 
approach that produces poor results and limits the quality of project management. For example, 
most of the times risk is handled through the application of contingencies (money) or floats 
(time) that are not determined based on a comprehensive analysis of the risks that can affect a 
particular project, and that in many cases are clearly insufficient to cover the consequences of 
risks that do occur during the project realization. These may result due to poor experience and 
understandings about risk management by grade-one local contractors.  
(Serpella A.F, 2014) in his paper tells us, to make an effective and efficient risk management it is 
necessary to have a proper and systematic methodology and, more importantly, use of 
applications to manage risk. The absence of an effective project risk management function has 
several negative consequences for participants in a project due to lack of preventive action 
against the risks and uncertainty that any project presents.  
  
12 
 
  
For example lack of prevention against the risk of scope definition of a project, or environmental 
hazards or communication risks between others leads to delays, significant increases in costs and 
contractual disputes. Preliminary recent research results have shown that companies that hire 
construction services on a recurring basis do not systematically apply risk management practices 
in projects, which has resulted in negative consequences for the performance of projects 
(Serpella A.F, 2014). 
Therefore, the successful parameters for any project are in time completion, within specific 
budget and requisite performance (technical requirement). The main barriers for their 
achievement are the change in the project environment. The problem multiplies with the size of 
the project as uncertainties in project outcome increase with size that has an effect on at least one 
of project objectives i.e. schedule, cost, or quality, etc.  Delays, cost overruns, and reduction of 
quality of projects are the common negative effects of risk inherent to construction projects.  
2.4 Risk Management Actions 
(Mousa, 2005) studied those preventive actions and he prioritizes the effectiveness of the actions 
after conducting interview and questionnaire survey in construction projects in his paper entitled 
as ‘risk management in construction projects from contractors and owners perspectives’. He was 
studied two types of risk management actions: mitigative and preventive actions. According to 
(Mousa, 2005), depend on subjective judgment, producing a proper program and a proper 
schedule by getting updated information, and concisely adjust for bias risk premium to time 
estimation are the major preventive actions for better effectiveness to manage risk. Planning 
alternative methods as stand-by and utilize quantitative risk analyses techniques for accurate time 
estimate are the least alternative preventive actions which were recommended by respondents. 
(Mousa, 2005), in his paper recommends that, close supervision with subordinates is the first 
major mitigative method for minimizing abortive work, and the last recommended mitigative 
method is change the construction method. Risk mitigation is a risk response strategy where by 
the project team acts to reduce the probability of occurrence or impact of a risk. Adopting less 
complex processes, conducting more tests, or choosing a more stable supplier are examples of 
mitigation actions. Taking early action to reduce the probability and/or impact of a risk occurring 
on the project is often more effective than trying to repair the damage after the risk has occurred.  
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2.5 Construction Risk Assessment Practices 
2.5.1 Risk Identification: Methods 
(Tsegaye, 2009), explains risk identification as it is the process of systematically and 
continuously identifying, categorizing, and assessing the initial significance of risks, together 
with information on their causes and possible effects, which might affect the project objectives 
associated with a construction project. It is the first step of the risk management process. It is 
aimed at determining potential risks, i.e. those that may affect the project.  An effective risk 
identification technique would aim at answering the question: “What are the distinct features of 
the project and its general environment or risk sources which might cause failure?” (Addis, 
2014). Also (Tsegaye, 2009) tells us risk identification process will vary, depending on the 
nature of the project and the risk management skills of the team members, but most identification 
processes begin with an examination of issues and concerns created by the project development 
team. These issues and concerns can be derived from an examination of the project description, 
work breakdown structure, cost estimate, design and construction schedule, procurement plan, or 
general risk checklists.  
There are a number of tools and techniques for identifying the project risks. These are “what can 
go wrong” analysis: brainstorming, expert opinion, structured interviews, questionnaires, 
checklists, historical data, previous experience, testing and modeling, evaluation of other 
projects. (Tsegaye, 2009), on his paper ‘Empirical studies of risk management practice’ shows 
that checklists and brainstorming are the most usable techniques in risk identification.  
They also highlight that risk identification often relies on individual judgments of the project 
participants. Brainstorming, scenario planning, and expert interviews are tools that construction 
engineers commonly use in routine engineering and construction management tasks (Tsegaye, 
2009). The risk identification process should include all sources of uncertainty and associated 
responses, i.e. includes many steps regarding risks and uncertainties related to why, who, what, 
which way, where and when in the project life cycle etc. by using a model that includes all of 
these factors, the threat of missing risks along the way becomes minimal or is at least decreased. 
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After the risks are identified, they should be categorized into groups of like risks. There are 
several approaches to categorizing project risks and risk sources. Generally according to 
(Tsegaye, 2009) the sources of risk in construction projects may be divided into three groups, i.e. 
internal or controllable risks (e.g. design, construction, management and relationships); external 
or uncontrollable risks (e.g. financial, economic, political, legal and environmental risks); and 
force majeure risks. The consequences of incorrectly identifying risks are that when these risks 
are considered in the management system, incorrect assessments and responses will follow.  
2.5.2 Risk Assessment 
(Tsegaye, 2009), says that risk assessment or analysis process is the vital link between systematic 
identification of risks and rational management of the significant risks. It has as its primary 
objective the systematic consideration of risk events, their likelihood of occurrence, and the 
consequences of such occurrences. The risk analysis process aims to evaluate the consequences 
associated with risks and to assess the impact of risk by using risk analysis and measurement 
techniques. In this phase the probability of occurrence and severity of impact for each identified 
risk are estimated, and risks for further attention are prioritized. The main input to risk analysis 
process is the identified risks from risk identification process. The probability and impact of 
identified risks are two key variables in assessing the risk. 
In assessment of risk, there are two general types: qualitative and quantitative risk assessment 
(Tsegaye, 2009). Qualitative Risk Analysis assesses the priority of identified risks using their 
probability of occurrence, the corresponding impact on project objectives if the risks do occur, as 
well as other factors such as the time frame and risk tolerance of the project constraints of cost, 
schedule, scope, and quality.  
Typically, a project's qualitative risk analysis will recognize some risks whose occurrence is so 
likely or whose consequences are so serious that further quantitative analysis is warranted. The 
analysis includes methods for prioritizing the identified risks for further action, such as 
quantitative risk analysis or Risk Response Planning. The direct judgment, ranking options, 
comparing options and descriptive analysis are also considered as the qualitative risk 
measurement (Tsegaye, 2009). 
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Quantitative risk analysis is a way of numerically estimating the probability that a project will 
meet its cost and time objectives. The analysis is based on a simultaneous evaluation of the 
impact of all identified and quantified risks. A key purpose of quantitative risk analysis is to 
combine the effects of the various identified and assessed risk events into an overall project risk 
estimate. For quantitative risk assessment, probability analysis, sensitivity analysis, scenario 
analysis, simulation analysis, correlation analysis, portfolio theory, Delphi method, influence 
diagrams, decision trees, are lists of available techniques (Tsegaye, 2009). 
A conventional risk analysis can be used based on experience to rank the importance of the risks 
in descending order from high risk to low risk. A risk ranking matrix, as shown in the table 2.1, 
can be used for categorizing the risk as minor, moderate or major and decide on the action to be 
taken. Minor risks can be accepted, moderate risks need some management measures and for 
major risks with high probability of occurrence and high impact a serious risk action schedule 
needs to be devised to manage the risk. If the risk is too big, the party might decide to walk away 
from the project instead of assuming it. 
 
 
 
 
Figure 2.1: Risk Ranking Matrix 
According to (Tsegaye, 2009) there are three basic risk analyses that can be conducted during a 
project risk analysis i.e. technical performance analysis (will the project work?), schedule risk 
analysis (when will the project be completed?), and cost risk analysis (what will the project 
cost?). This overall assessment of risks can be used by a Highway agency to make informed 
decisions about a project. More commonly, the overall risk assessment is used to determine cost 
and schedule contingency values and to quantify individual impacts of high-risk events. The 
ultimate purpose of the analysis, however, is not only to compute numerical risk values but also 
to provide a basis for evaluating the effectiveness of risk management strategies. 
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The ultimate deliverables of risk analysis process are probability of occurrence and impact level 
of risks. For the impact of risk, possible consequences of risk are defined and quantified in terms 
of increased cost (i.e. additional cost above the estimate of the final cost of the Project); 
increased time (additional time beyond the completion date of the project through delays in 
construction); and reduced quality and performance (i.e. the extent to which the project would 
fail to meet the user performance based on quality, standards and specification). 
2.5.3 Risk Mitigation/Response 
(Mousa, 2005), in his study entitled ‘risk management in construction projects from contractors 
and owners perspectives’ suggests three ways of responding to risk in projects. The first one is 
risk avoidance: eliminating a specific threat, usually by eliminating the cause. The project 
management team can never eliminate all risks, but specific risk events can often be eliminated. 
Mitigation, the second ways of responding to risk, is reducing the expected monetary value at 
risk events by reducing the probability of occurrence (e.g., using new technology), reducing the 
risk event value (e.g., buying insurance), or both. And the last one is acceptance: accepting the 
consequences.  
Also (Mousa, 2005) suggests some actions to be taken in response to residual risks. Such actions 
include reduce uncertainty by obtaining more information, this leads to re-evaluation of the 
likelihood and impact, eliminate or avoid the risk factor through means such as a partial or 
complete redesign, etc., transfer the risk element by contracting out affect work, insure against 
the occurrence of the factor and abort the project if the risk is intolerable and no other means can 
be undertaken to mitigate its damages. 
There are four distinct ways of responding to risks in a construction project, namely, risk 
avoidance, risk reduction, risk retention and risk transfer. (Mousa, 2005) also tells that risk 
avoidance/elimination in construction is not generally recognized to be impractical as it may lead 
to projects not going ahead, a contractor not placing a bid or the owner not proceeding with 
project funding are examples of eliminating the risks. Risk transfer is essentially trying to 
transfer the risk to another party. 
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The other ways of responding risk is Risk Retention. This is the method of reducing controlling 
risks by internal management; handling risks by the company who is undertaking the project 
where risk avoidance is impossible, possible financial loss is small, probability of occurrence is 
negligible and transfer is uneconomic (Akintoyne A.S., 1997). The fourth one is Risk Reduction. 
This is a general term for reducing probability and/or consequences of an adverse risk event. In 
the extreme case, this can lead to eliminate entirely, as seen in “risk avoidance”. 
2.6 Reviewing Risk Factors and Consequences 
Both (Tsegaye, 2009) and (Yilma, 2014) list or classify risk factors in their view which causes 
risk during the project life cycle. (Yilma, 2014), classifies it according to stages for the project 
life cycle starting from feasibility stage up to post construction stage; and (Tegabu, 2015) 
classifies risk factors based on source that risks may happen. Risks were classified in 
chronological manner that affect, in principle, the construction trinity of owner, professional 
team and contractor and, in certain circumstances, the community at large as risks with the 
feasibility stage, risks with the design stage, risks with the construction stage and to the post-
construction stage (Yilma, 2014).  
The most common risk factors encountered during the construction of a project by the contractor 
under a standard type of construction contract are stated below by mixing other researchers’ way 
of risk classification method that may adversely affect the project objectives, are listed as 
follows: (Yilma, 2014) 
A. Risks with the feasibility stage:  
 Owner’s choice/brief of professional team and advisers, choice of contractor and 
nominated subcontractor  , and choice of site  
 Adequacy of soil investigations, surveys and inspections, and finance and related 
calculations  
 War, nuclear reaction, etc.  
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B. Risks with the design stage:  
i. Design Risks 
 Design incomplete, Surveys incomplete, site data incomplete, inappropriate choice of 
design with respect to others, and New or revised design standard 
 Unexpected geotechnical or groundwater issues  
 Inaccurate assumptions on technical issues in planning stage  
 Changes to materials/geotechnical/foundation  
 Hazardous waste site analysis incomplete  
 Consultant design not up to preset standards  
 Complex hydraulic features and incomplete quantity estimates  
 Project in a critical water shortage area and a water source agreement required  
 Unforeseen construction window and/or rainy season requirements  
ii. Organizational Risks 
 Inexperienced staff assigned and losing critical staff at crucial point of the project  
 Insufficient time to plan and unanticipated project manager workload   
 Lack of understanding of complex internal funding procedures  
 Inconsistent cost, time, scope and quality objectives  
 Overlapping of one or more project limits, scope of work or schedule  
 Funding changes for fiscal year  and capital funding unavailable for construction  
iii. Project Management Risks 
 Project purpose, scope, schedule, objectives, cost, and deliverables are not clearly 
defined or understood  
 No control over staff priorities, consultant or contractor delays, and estimating and/or 
scheduling errors  
iv. Environmental Risks 
 Environmental analysis incomplete and availability of project data and mapping at the 
beginning of the environmental study is insufficient  
 New alternatives required to avoid, mitigate or minimize impact  
 Acquisition, creation or restoration of on or off-site mitigation  
 Environmental clearance for staging or borrow sites required  
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 Historic site, endangered species, riparian areas, wetlands and/or public park present  
 Design changes require additional Environmental analysis  
 Unforeseen formal consultation is required and unforeseen resources affected  
 Unanticipated noise impacts and project causes an unanticipated barrier to wildlife  
 Project may encroach into a floodplain or a regulatory floodway  
 Project does not conform to the state implementation plan for air quality at the program 
and plan level and unanticipated cumulative impact issues  
 Environmental regulations change  
v. External Risks 
 Landowners unwilling to sell and local communities pose objections  
 Unreasonably high expectations from stakeholders  
 Political factors or support for project changes and stakeholders request late changes  
 New stakeholders emerge and request changes and threat of lawsuits  
 Increase in material cost due to market forces and water quality regulations change  
 additional information required and new information required for permits  
 Reviewing agency requires longer than expected review time  
 Controversy on environmental grounds expected  
 Pressure to deliver project on an accelerated schedule and labour shortage or strike  
 Construction or pile driving noise and vibration impacting adjacents 
C. Risks with the construction stage:  
i. Design Risks 
 Defective design, unforeseen design exceptions and unresolved constructability items  
 Defective workmanship and material and defective temporary works and their design  
ii. Management Risks 
 Inadequate site management, workmanship and quality control problem 
 Unplanned work that must be accommodated, and lack of coordination/communication  
 Underestimated support resources or overly optimistic delivery schedule  
 Scope creep and unresolved project conflicts not escalated in a timely manner  
 Unanticipated escalation in right of way values or construction cost  
 Delay in earlier  phases jeopardizes ability to meet programmed delivery commitment  
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iii. Technical and Force majeure Risks 
 Construction staging more complex than anticipated  
 Technical complexity and innovation in design requiring new methods of construction  
 Excessive Rainfall, flood and inundation, wind and storm, subsidence, landslide, 
rockslide and avalanche, extremes of temperature, earthquake, ground movement… 
 Adverse geological and underground characteristics, explosion and fire, vibration…  
 Acceptability of project by local residents, mechanical and electrical breakdown  
iv. Risks during construction associated with Acts of Man  
 Human error, negligence and lack of care, fraud and infidelity, programming the work, 
theft and burglary, lack of communication, riot and civil commotion, strike… 
 Failure to comply with insurer’s conditions and requirements, incompetence, 
malicious acts, inefficiency and delays, inadequate site supervision, variations front 
contract documents, illegal activities, and risks associated with dispute resolution.  
D. Risks associated with the post-construction stage  
 Extended duration of construction  
 Risks associated with safety, serviceability, fatigue, fire and arson, natural hazards, 
fitness for purpose, project operation, man-made hazards (including political risks), 
and wear and tear during the project’s designed life span. 
 Acts of God in relation to nature of site—topography and surface water run-off  
 When risks of natural hazards are added to human mistakes  
All of the above listed risk factors will cause so many effects, among them the most serious 
effects of risk are:  
 Failure to keep within the cost estimate; the time stipulated for the approvals, design, 
construction and occupancy. 
 Failure to meet the required technical standards for quality, functions, fitness for purpose, 
safety and environment preservation. 
 Failure to achieve the required completion date and the required quality 
 Failure of the project to meet the required operation needs 
 Damage to the property as a result of fire or flood 
 Injury to a worker due to an inadequate system of working  
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2.7 Risk Management Processes and Techniques 
Risk management is probably the most difficult aspect of project management. A project 
manager must be able to recognize and identify the root causes of risks and to trace these causes 
through the project to their consequences. Furthermore, risk management in the construction 
project management context is a comprehensive and systematic way of identifying, analyzing 
and responding to risks to achieve the project objectives. 
The risk analysis and management techniques have been described in detail by many authors 
(Banaitis, 2012). But most of them agree by typical risk management process key steps of risk 
identification, risk assessment, risk mitigation, and risk monitoring and controlling. Risk 
identification is the first and perhaps the most important step in the risk management process, as 
it attempts to identify the source and type of risks. It includes the recognition of potential risk 
event conditions in the construction project and the clarification of risk responsibilities. 
(Haring, 2015), identifies the risk analysis and management processes in detail in his paper 
entitled as ‘Risk Analysis and Management: Engineering Resilience’. The processes are 
background/context, description of the hazard source, hazard propagation/hazard analysis, 
damage/consequence analysis/modeling, analysis of hazard event frequency, distribution of 
objects, success frequency of avoiding hazard event consequences, risk computation and 
visualization, risk comparison with criteria, risk assessment, risk communication, evaluate risk, 
and mitigation measures. 
Generally, for the risk management process to be successful, it is better to know what you want 
to get out of the process. It may seem obvious but many people start a risk management process 
without knowing what they want to get out of it. Determine ownership is another issue for 
successful risk management process. It is imperative for people to be accountable for risks, 
controls and action plans. The other issue to address the process is undertaking cost-benefit 
analysis. Many treatment plans are not cost-effective and will never get done. (DTF, 2009) 
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2.8 Reviewing the Correlation between Risk and Insurance 
The construction industry is subject to more risk and uncertainty than many other industries. The 
development of a construction project from inception to completion takes a long time and 
involves many phases. Construction projects are sensitive to an extremely large matrix of 
hazards and risks, due to some of the inherent characteristics of construction projects. 
Construction insurance is a practice of exchanging a contingent claim for a fixed payment to 
protect the interests of parties involved in a construction project and it plays an increasingly 
important role in guaranteeing the success of projects, with insurers sharing losses resulting from 
natural disasters and other contingencies (Yilma, 2014).  
All parties involved in a construction project must accept that there is some risk attached to their 
activities. Some risks have enormous size in financial terms and the party to whom a risk is 
allocated may want to cover it by means of insurance. Construction project parties, whether they 
are the owner, contractor, engineer or supplier, can protect their interests by insurance but must 
accept that not all risks are insurable. Insurance is not the only means by which risks associated 
with construction and infrastructure projects may be addressed, however, it is one of the 
principal means by which parties to major projects treat risk (Yilma, 2014). 
Risks are two types with respect to insurance: insurable and uninsurable risks. Insurable risk 
means a risk, which can be covered by insurance. Not all risks are insurable and while the 
principle of the equitable contribution of many for the benefit of an individual suffering a loss is 
the cornerstone of insurance philosophy, certain limitations must be put on that principle to make 
the insurance transaction viable (Bunni, 2003).  For a risk to be acceptable by an insurer it has to 
be a “pure risk” which means it has the down side of the effect only (opportunity for loss only); 
speculative risks are not covered by traditional insurance. Moreover, it has to be sudden and 
accidental, with statistics available for insurers to simulate past events and generate a creditable 
premium. 
The insurance industry as a whole is increasingly confronted with risks where for reasons of 
principle and capacity doubts as to whether they can or should cover. This increase of risks at the 
limit of insurability is due to social and accumulated problems, advancing technology and 
concentration of values, increased complexity and exposure of numerous risks.  
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It is important to note that the responsibility and liability for damage to property and/or personal 
injury emanating from uninsurable risks must be clearly defined in any contract. Uninsurable 
risks are classified with in four categories as outlined hereunder (Yilma, 2014). 
a. Foreseeable risks: An insurer will argue that if a contractor stores cement in an uncovered 
condition during a rainy season, then any damage caused is foreseen to be inevitable and, 
thus, is not the liability of the insurer. On the other hand, if the cement was stored in a 
watertight shed and the roof of the shed blows away under severe wind, then the contractor 
will argue that this is unforeseen damage.  
b. Unquantifiable risks: A consequential economic risk is unquantifiable, even in a certain 
circumstance. It is, therefore, very rarely covered. However, the word ‘consequential’ must 
not be confused with ‘consequence’ as in risks resulting as a consequence of defective 
design, material and/or workmanship because these risks are quantifiable and their limit is 
the value of the contract which is insured. Such damage resulting from, or occurring as a 
consequence of these defects is insurable and the intention of a good insurer must always be 
clear in this respect.  
c. Political risks and risks on an international scale: War is a good example of these risks that 
are normally uninsurable. The reason is that the principle of the contribution of many for the 
benefit of an individual suffering loss breaks down in such a situation, unless governmental 
institutions carry out the insurance.  
d. Causation: To prove the cause of any damage on a project is to establish the responsibility 
and liability for it and to establish whether or not the damage is covered through the 
provisions of the insurance contract. If such a cause cannot be proven for any particular risk, 
the risk becomes uninsurable. 
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2.9 Reviewing Risks with respect to Applicable laws 
2.9.1 Under International Conditions of Contract (MDB-FIDIC, 2006) 
In construction projects risks may or may not happen after the contract was signed. Stakeholders 
may separately liable for those damages or losses, if it happens, as per stated in contractual 
documents. According to (MDB-FIDIC, 2006) condition of contract clause 17.2 contractors are 
liable to have a good care for the works stated as: 
 The contractor shall take full responsibility for the care of the works and goods from the 
commencement date until the taking-over certificate are issued…. 
 If any loss or damage happens to the works…during the period when the contractor is 
responsible for their care…, the contractor shall rectify the loss or damage at the 
contractors risk or cost… 
 The contractor shall be liable for any loss or damage caused by any actions performed by 
the contractor after a taking-over certificate is issued. 
Hence any risks are taken by the contractor if it happens by the default of the contractor so the 
contractor shall plan to minimize the risks. Also risky events were listed in (MDB-FIDIC, 2006) 
condition of contract clause 17.3 such as war, rebellion, terrorism, revolution, munitions of war, 
riot, etc. These and all other risks listed in clause 17.3 results in a loss or damage to the works. 
But hence those are expected as employer’s risks so the contractor can claim a compensation for 
those risks by giving a notice to the engineer as stated in clause 17.4 as: 
If the contractor suffers delay and/or incurs cost from rectifying this loss or damage, the 
contractor shall give a further notice to the engineer and shall be entitled subject to sub-clause 
20.1 (contractor’s claims) to: 
a. An extension of time or any such delay, if compensation is or will be delayed, under sub-
clause 8.4 (extension of time for completion), and 
b. Payment of any such cost which shall be included in the contract price…, cost plus profit 
shall be payable. 
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2.9.2 Under Local Applicable Law (Civil Code, 1960)  
From article 1740-1762 (Civil Code, 1960), performance of contracts, explains the obligation 
and liabilities related to performance, payment conditions and risks. Specifically article 1758 
states the conditions related to transferring risks as: 
(1) The debtor bound to deliver a thing shall hear the risks of loss of or damage to such thing 
until delivery is made in accordance with the contract. 
(2) The risks shall pass to the creditor where he is in default for not taking over the thing. 
Also article 2629 states about the materials that were used for the execution of the works and its 
losses including the risk transfers (2) as: 
(1) Where the materials necessary to the execution of the work have perished by force 
majeure, their loss shall be borne by the party who has provided them. 
2.9.3 Under Local Applicable Law (Commercial Code, 1960) 
The commercial code which is promulgated before forty years ratifies the articles of commercial 
aspects including trades and businesses, business organizations, carriage and insurances, 
negotiable instruments and banking transactions and issues related to bankruptcy and schemes of 
arrangements. Under carriage and insurance the code decrees different conclusions about the 
relationship between insurance and their upcoming risks for business services contract under 
article 654 up to article 712 of (Commrecial Code, 1960). 
Article 654 sub article (1, 2, and 3) explains about the insurance policy, the provisions where 
properties and persons are damaged respectively as: 
i. An insurance policy is a contract where by a person, called the insurer, undertakes 
against payment of one or more premiums to pay to a person, called the beneficiary, a 
sum of money where a specified risk materializes. 
ii. Where damages are insured, the insurance policy shall extend to the risks affecting 
property or arising out of the insured person’s liability. 
iii. Where persons are insured, the insurance policy shall extend to risks arising out of death 
or life, or to risks arising out of injury to the person or illness. 
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According to article 663 of (Commrecial Code, 1960) the risks where absorbed by the insured 
parties according to the specified contract policy and the insurer shall guarantee for the benefits. 
Whereas for those risks happened due to unforeseen events or the negligence of the beneficiary 
is covered by the insurance, but not insured for those risks arising out of the intentional default of 
the beneficiary. 
(1) The insurer shall guarantee the beneficiary against the risks specified in the policy. 
(2) Unless otherwise agreed, risks arising out of unforeseen events or the negligence of the 
beneficiary shall be covered by the insurance. 
(3) Notwithstanding any provision to the contrary, risks arising out of the international 
default of the beneficiary shall not be covered by the insurance. 
In addition article 669 under sub clause 1 up to 4 explains the conditions for increase of risks in 
which it specifies the provisions for not entered in to the policy because of less favorable to the 
beneficiary and the periods that aware for such occurrence. The article also specifies that the 
insurer parties are the right to terminate the policy; and the provisions of the article tells it shall 
not apply life insurance if the beneficiary does not inform the right information within a 
reasonable period of time or gives false information. 
(1) Where the risks increase in such a manner that the insurer, had he known the facts at the 
time when the policy was made, would not have entered in to the policy or would have 
imposed terms less favorable to the beneficiary, the beneficiary shall inform the insurer 
within fifteen days from the occurrence increasing the risks, where such occurrence is 
due to the beneficiary, or within fifteen days from the beneficiary being aware of such 
occurrence. 
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2.10  Importance of Risk Management Applications for Construction Projects 
(Abdulrahman H., 2015), discusses about risk management and its importance in his paper 
entitled as ‘Implementation of risk management in Malaysian construction industry: case 
studies’. He says the risks that occur in construction projects will usually lead to inability to 
achieve the desired project objectives. Delays, cost overruns, and reduction of quality of projects 
are the common negative effects of risk inherent to construction projects. Failure to manage such 
risks might further result in financial loss, damage of reputation, and loss of future business. 
Thus, a systematic risk management must be implemented to deal with the risk associated with 
construction projects. But in his paper he doesn’t say anything about the applications to risk 
management that were studied in this paper. 
Risk management is an essential part of construction projects which aims at identifying the 
potential risks associated with a project and responding to those risks to reduce them to an 
acceptable extent. Risk management is indeed a dynamic tool which must be continuous 
throughout the project life cycle, and it is based on intuition and past experience for a high level 
of judgment. There are three main processes in risk management which are risk identification, 
risk analysis, and risk response (Abdulrahman H., 2015). 
 
Because the industry is plagued by projects experiencing heavy delays and poor cost 
performance, Project Managers are increasingly inclined to focus on achieving time and cost 
objectives, in lieu of matters relating to quality. So they are willing to use tools in order to run 
the construction processes smoothly, minimize surprises, and prevent expending costly 
resources. Construction companies that manage risk effectively and efficiently enjoy financial 
savings, and greater productivity, improved success rates of new projects and better decision 
making. (Banaitis, 2012) 
Finally before risks would happen it is better to identify the issues (setting context) to apply the 
principles and methods, assess key risk areas, measure the likelihood and impact of risks, rank 
risks, set desired results , develop options, select strategy, implement the strategy, and monitor, 
evaluate and adjust it through appropriate models. 
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2.11 Reviewing Applications of Risk Management: Risk Simulation Methods  
2.11.1 RISMAN Risk Management Method  
In the Netherlands, the RISMAN risk management method has been widely adopted as a tool to 
analyze, quantify and manage risks associated with large infrastructure construction projects. 
The following diagram illustrates the six step process of the RISMAN method (Mavridis, 2012).  
 
 
 
 
 
 
                                                                                                                           Yes 
 
                                                                                          No 
 
                                                                                                                               
 
Figure 2.2: The RISMAN Method (Mavridis, 2012) 
Determination of purpose involves determining the focus, whether it be time, quality, or cost 
related. Secondly the uncertainties must be identified and grouped into three categories; normal 
(due to stochastic nature of reality), special (very low probability of occurrence but high impact), 
and plan uncertainties (uncertainties at initial stages of project). Uncertainties are then quantified 
and are used to calculate the level of project risk by means of Monte Carlo simulation. The 
Project Manager must then assess the risks if necessary given some of them may have changed 
over time, and new risks may have been identified. Once the results have been deemed 
acceptable, the process has been complete. The benefit of the RISMAN method is that it 
provides the Project Manager with a methodological and proactive decision support tool to help 
control risks. A pitfall of this method may be that it deals with risk from a broad perspective, and 
does not examine the causes of these risks or how risks interrelate with each other.  
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2.11.2 Computer Aided Simulation for Project Appraisal and Review, CASPAR  
CASPAR is a project management tool designed to assist with the control of time, resources, 
cost and revenue throughout the entire duration of a project (Mavridis, 2012). Two software 
programs, the CASPAR cost program and the CASPAR time program, can be used to map the 
sequence of activities of a construction process in a precedence network. Based on the estimated 
time, cost and resource attributes, the program can provide a single figure estimate of project 
cost. The time program can subsequently adjust this figure by manipulating the time allocation 
for each of the activities in the precedence network.  
Additionally, the CASPAR software allows for sensitivity analysis in order to predict the 
economic parameters by manipulating the risk variables. The program also uses Monte Carlo 
simulation to sample values for risk variables and values for the activity durations, providing an 
output of the earliest, latest and most likely project durations. This method is effective in 
analyzing risks associated with time, and cost, however it does not address risks associated with 
quality. Additionally, it only calculates risk associated with one predefined sequence of activities 
(Mavridis, 2012).  
2.11.3 Schedule Risk System  
The Schedule Risk System is a risk analysis technique which models the effects of uncertainty 
on the project schedule. The system consists of three steps; identifying schedule risks, evaluating 
their effects and the probability of occurrence, and modeling these risks using the Program 
Evaluation and Review (PERT) statistical technique to determine the project’s schedule risk 
profile. What is interesting about this approach is its introduction of a knowledge management 
program called HyperCard. HyperCard essentially serves as a database of schedule risks which 
are stored and transferred in every project, to be used at the schedule risk identification stage 
(Mavridis, 2012).  
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2.11.4 Judgmental Risk Analysis Process, JRAP  
(Mavridis, 2012), defined JRAP as ”JRAP is a pessimistic risk analysis methodology or a 
hypothesis based on Monte Carlo simulation that is effective in uncertain conditions due to its 
capability of converting uncertainty to risk judgmentally in construction projects” . The first 
phase of JRAP is ‘risk identification’, wherein the risks which can affect time are brainstormed. 
Following this is the ‘risk measurement’ phase, where the probability of these risks occurring, 
and their estimated impact on the project schedule are evaluated and quantified. The output of 
this method provides insight into the likely project duration, the most critical activities, and 
which risk elements have the greatest effect on project duration.  
2.11.5 Estimating Project and Activity Duration Using Network Analysis 
More realistically predicting a construction project’s duration requires a methodology which 
considers the dependency between the activities. A risk management approach has been 
proposed which uses historical data to associate risk factors with the activities which form the 
construction schedule. Once the activity durations have been estimated, the risks can be analyzed 
using probability distribution for project duration forecasts, as well as to determine the individual 
effects of risk factors on the project schedule. This method essentially provides the same output 
as the JRAP method. (Mavridis, 2012) 
2.11.6 Data-Driven Analysis of Corporate Risk Using Historical Cost-Control  
This makes a distinction between local and “corporate” approaches to dealing with risk The 
corporate approach groups ‘corporate risks’ according to similarity, to ensure that organizations 
overlooking a portfolio of projects are not overwhelmed by the vast amount of risks which could 
affect each of their projects (Mavridis, 2012). The equation expresses the total risk as:  
Total risk = Dependent Risk + Independent Risk  
Independent risk involves risks which are unique to a project and will not affect other projects 
within the portfolio, while dependent, corporate risks are those which arise due to interactions of 
common risk factors among multiple projects (Mavridis, 2012).  
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2.11.7 Estimating Using Risk Analysis, ERA  
ERA has been propagated as an effective tool for calculating the financial implications of risk for 
the objective of determining project contingencies. The methodology behind this tool consists 
first of estimating the base cost of a construction project, with disregard to any possible risks. 
Then, the project team must identify a list of fixed and variable risks. Fixed risks are those which 
either occur with complete effect, or do not occur at all. Variable risks, however, are those which 
have varying degrees of impact on cost. The team must then calculate the average risk allowance 
and maximum risk allowance for each risk using predefined formulas. An average of these two 
outputs is then calculated to produce the average risk estimate, and the maximum likely estimate 
(Mavridis, 2012).  
2.11.8 Failure Modes and Effects Analysis, FMEA  
FMEA is a risk assessment tool adopted by the construction industry for the purpose of 
identifying all possible, potential project failures (Mavridis, 2012). Essentially, failures are 
assessed according to characteristics such as the cause of failure, and the consequence of its 
occurrence. Following this, a scale of 0-10 is used to subjectively evaluate the likelihood of 
occurrence of the phenomena, the level of significance related to the consequence of failure of 
the component and, the degree of detectability of failure. Furthermore, FMEA takes into account 
the consequence of a failure in terms of its effect on all three major facets of project 
management; time, cost and quality, and therefor provides for a well-rounded risk assessment 
tool. (Mavridis, 2012) 
2.11.9 Program Evaluation and Review Technique, PERT 
It is essentially a project management tool for assessing risk associated with time in projected 
schedules. For each activity that forms part of the construction process, three variables must be 
given; the optimistic, most likely, and pessimistic estimates of duration. PERT provides Project 
Managers with a means of assessing the risks associated with time, and the different ways in 
which delayed activity durations can affect the project schedule as a whole. While PERT 
provides an effective means of assessing the risk of activity delays, it does little to take into 
account risks associated with cost and quality. (Mavridis, 2012)  
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2.11.10 Monte Carlo Process  
Monte Carlo analysis is a stochastic simulation method which can determine the probability of a 
project’s outcome by running a number of iterations; the accuracy of the output enhanced by the 
number of the iterations. The accuracy is also dependent on the subjective input that is required 
before the simulation can be performed. The advantage of Monte Carlo analysis is that it can be 
used to estimate the project cost based on a probable cost distribution, as well as the project 
duration based on the input of a probable time distribution. Because the accuracy of the output is 
based solely on the integrity of the input data, this risk analysis method is only suitable should a 
proficient data collection methodology be in place. (Mavridis, 2012) 
2.11.11 Advanced Programmatic Risk Analysis and Management Model, APRAM  
The model, developed for the aerospace industry, essentially comprises of the following steps; 
determining the total budget, identification of possible system configurations, determination of 
the residual budget (formulated by determining difference between total project estimate and cost 
of configuration), identification of technical failures and managerial problems, optimization and 
determination of technical reinforcement budget, optimization and determination of best 
response to managerial problems, and selection of the optimal alternative and allocation of 
residual budget that minimizes overall failure risk. Identification of failure modes and assigning 
probabilities is to be performed based on expert elicitation of probabilities with the project 
management team using established elicitation methods. (Mavridis, 2012) 
APRAM provides mathematical expressions for calculating the cost of failure, and offers 
solutions to lowering these costs through optimization of the residual budget. A limitation of this 
method, however, is its dependency on the project team to subjectively determine the probability 
of failures. Additionally, (Mavridis, 2012) says because APRAM analyses risk on the scale of 
material type used, applying the methodology to large projects may prove overly complex and 
time consuming.  
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2.11.12 Oracle Primavera Risk Analysis 
Primavera Risk Analysis provides a risk management solution integrated with both qualitative 
and quantitative risk analysis capabilities to determine the impact of risk and uncertainty on the 
project. Using the feature, we can identify and prioritize potential threats and opportunities that 
exist for the project. Primavera Risk Analysis offers the risk management features of risk register 
where we can log all project risks and manage their details, including descriptions, status, 
probabilities, impacts, and other information, used to prioritize project risks based on risk scoring 
criteria defined for the project.  The model also runs a Monte Carlo analysis to produce 
probability curves showing expected time and cost outcomes and the probability of achieving 
each, and it develops risk response plans to address project risks and establish post-responses. 
Primavera Risk Analysis Model is the best model because it allows you to analyze the time and 
cost risk within a project. By using Primavera Risk Analysis you can also find out the probability 
of completing a project on time and within budget. To explain the concept behind schedule risk 
analysis let's consider the risk on a task duration. When a project is entered into Primavera Risk 
Analysis you can estimate the duration of each task and enter a single duration e.g. 20 days.  
A plan without risk analysis shows one possible way the project may run. But by using risk 
analysis models many different outcomes for the project are analyzed. Using risk analysis model 
actually it allows you to enter the most likely duration and the minimum and maximum 
durations. But you do not have to stop there. Risk analysis can also be used to model task cost 
risks, resource cost risks (materials and people), penalties and bonuses, different outcomes 
occurring within a project, probabilistic branching, uncertainties in working times, etc. 
Generally the proposed risk simulation model provides an effective means assessing the risk 
related to time, cost and quality of construction projects especially road projects. The time and 
cost consequences of failures are determined based on expert advice, and used as input for Monte 
Carlo simulation which realistically predicts their occurrence. This method takes into 
consideration the failure events’ probabilities and creates cost profiles inclusive of risk for every 
sequence conceivable. This approach ensures that every possible sequence is assessed according 
to comprehensive, quantitative risk analysis. 
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CHAPTER THREE 
RESEARCH METHODOLOGY 
3.1 Description of the Study Area 
Hence the study assesses how contractors manage risks in their projects and presents the 
applications of risk management in construction projects undertaken by local grade-one 
contractors. The problem of risk management has seen all over Ethiopia but projects that their 
main office is in Addis Ababa have been assessed. According to (MOWUD, 2017) more than 
352 local grade-one contractors are registered in Ethiopia but samples in which they have a 
project in and its main office is Addis Ababa was selected due to some limitations such as time 
and availability of data. Addis Ababa lies at an elevation of 2,300 meters (7,500 ft.) and is a 
grassland biome, located at 9°1′48″N 38°44′24″E. [1] The city has a complex mix of highland 
climate zones, with temperature differences of up to 10 °C (18 °F), depending on elevation and 
prevailing wind patterns. 
[2] 
 
3.2 Work Description  
3.2.1 Applications/Models of Risk Analysis  
A number of model applications are applied to analyze risks in construction industry (see chapter 
2). Among them the study uses Primavera Risk Analysis that used to analyze case construction 
project risks. Primavera Risk Analysis is chosen because our study analyses the risks of 
construction project schedules by identifying the impacts or consequence of each risk factors to 
each project tasks. The model allows you to analyze the risks in relation to time and cost within a 
project. By using Primavera Risk Analysis you can also find out the probability of completing a 
project on time and within budget, and it recommends the risk mitigation responses. Hence every 
project has risks, the contractors that succeed are the ones that plan for those risks by 
anticipating, mitigating, and providing response and contingency plans for negative events that 
may or may not occur. Oracle Primavera Risk Analysis, that the study uses, enabling companies 
to model risks and analyzes the cost and schedule impacts of mitigating them and in the process, 
taking much of the uncertainty out of project and portfolio management.  
_____________________________________________________________________________________________________________________________________ 
[1]
 https://tools.wmflabs.org/geohack/addis_ababa_city (2757729) 
[2]
 http://en.Google.org/go/addis_ababa#climate-32 
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Providing easy integration with a wide range of scheduling tools and risk register solutions, 
Primavera Risk Analysis helps project-driven companies ensure that mission, critical projects 
come in on-time and under the allocated budget. For undertaking full-lifecycle cost and schedule 
risk analysis, Primavera Risk Analysis offers easy techniques for determining contingency and 
risk response plans and for reporting confidence levels for project success.  Also the model 
develops a probabilistic analysis to translate project characteristics into schedule risk boundaries. 
3.2.2 Analysis of Model Results 
Schedule data was collected from the sample projects that were selected for study. The major 
input items from the schedule are task names, durations and precedencies which are scheduled 
by the project planner. After collecting the input data risks was analyzed through the model, 
Primavera Risk Analysis, and results was generated.  
Primavera Risk Analysis uses advanced Monte Carlo-based cost and schedule analytics to 
provide full-lifecycle risk management through the following types of risk models: estimate 
uncertainty, task existence, probabilistic branching, fixed-cost uncertainty, variable-cost 
uncertainty, resource uncertainty, conditional branching, and weather modeling. In addition, 
users can conduct risk analyses at both the project and portfolio level, making strategic decisions 
about project selection through portfolio models as well as traditional project-level risk analysis 
against individual or linked schedules. 
3.3 Data Source, Sampling, Collection and Analysis 
3.3.1 Type of Data Used for Study 
Two types of data were used during conducting a research. These are qualitative data: basis of 
knowing meaning and words and narratives are the basic elements of analysis, and quantitative 
data: basis of knowing cause and effect relationships and basic elements of analysis are numbers 
and statistical analysis. The study uses both qualitative and quantitative types of data. 
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3.3.2 Source of Data 
In order to conduct the research the study was used majorly the primary and secondary sources 
of data/documents. The research covers project participants in construction project, primarily 
project managers, project planners and office engineers in Addis Ababa. Hence they are major 
stakeholders whom those are responsible for risk events. Interview is used as one of the primary 
data that was conducted for technical things. Also project schedules as a case study was collected 
and analyzed in relation with risk management. 
The secondary data sources that were used for the analysis are questionnaires that are used for 
conducting other technical things which are left from interviews and documents from the local 
grade-one contractors, and sourced literatures found from internet. The secondary data was used 
to get an insight of the problem and is used as a criterion for developing and analyzing the 
primary data. Different research papers, journals, and other supportive data were gathered from 
different acknowledgeable sources and it has analyzed well.  
3.3.3 Data Sampling Method 
The study covers general assessment and applications of risk management in construction 
projects undertaken by local grade-one contractors. For the assessment of risks to be managed as 
a case study it needs to select sample projects, in Addis Ababa, which are a representative of the 
population. In our country, especially in Addis there are so many projects which are in progress 
executed by different contractors. More than 352 local grade-one contractors are there in 
Ethiopia according to the data of the (MOWUD, 2017) obtained from the document ‘Profile on 
High Grade Contractors’ and thus 117 of them are addressed in Addis Ababa. 
Unfortunately, without a survey of the population, the representativeness of any sample is 
uncertain, but statistical theory can be used to indicate representativeness. The objective of 
sampling is to provide a practical means of enabling the data collection and processing 
components of research to be carried out whilst ensuring that the sample provide a good 
representation of the population. Simple sampling was used to represent the total sample size. So 
interviews and questionnaires were prepared, and it was conducted, having its parts classified 
based on type of questions concerned. Its parts would be distributed on time for each project 
managers, office engineers and/or project planners. 
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3.3.4 Sample Size  and Statistical Proof 
One of the most frequent questions asked ‘what size sample I use?’ Historically, the responses to 
this question at least 30 subjects (Burns N., 2001). However, in most cases 30 subjects will be 
inadequate as a sample size. A statistical calculation was used in order to calculate the sample 
size. The formula below was used to determine the sample size of unlimited population (CRS, 
2001): 
                                               
     (   )
  
 
Where; SS = Sample Size. 
           Z = Z Value (e.g. 1.3 for 90% confidence interval), from normal distribution curve 
           P = Percentage picking a choice, expressed as decimal, (0.50 used for sample size needed) 
           C = Confidence interval (0.10) 
                               
         (     )
    
 = 42 
The significance level adopted for this research is at 10% (p≤0.1). Subsequently the null 
hypothesis was rejected when the probability of it being true drops below 0.1.  
Correction for finite population: 
                                
  
  
    
   
 
                                       
  
  
    
   
 = 30.9  31 
There are 352 high grade contractors in Ethiopia as per the (MOWUD, 2017), Housing and 
construction those are road contractors, general contractors and building contractors. Among 
them the 117 (2017 data), as a population (Pop), first class contracting companies are addressed 
in Addis Ababa. According to the sample size estimation 31 construction projects were selected 
as a sample. But due to the availability of the constructing companies the study uses more than 
one project from one contracting company.  
Interviews and questionnaires were also distributed for 31 different professionals through face-
to-face conversations between them for interview questions and distributing open questionnaires 
for them and finally it was analyzed statistically and through Primavera Risk Analysis.  
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3.3.5 Data Collection Procedures 
As explained before the source of data used for the study were primary and secondary sources. 
The primary data sources are interviews and questionnaires filled by the respondents (project 
managers, project planners and office engineers) those are selected based on a criteria such as 
two years minimum experience in construction sector, whom they work as an employee in grade-
one construction firms and employees having a position either project manager, project planner 
or office engineers. Also case project schedules executed by local grade-one construction firms 
were collected for analysis. Based on the objectives and the research questions, interviews were 
developed to obtain as extensive, a collection of data as practicable, from the stakeholders of the 
project. Secondary data sources are used majorly for questionnaires and conducting literature 
through dusk study, such journals, papers, etc. 
Personal interviews, which are a face-to-face conversation, in which to the respondents ask 
questions with a brief explanation for the ideas and contents of interview, was conducted. 
Questionnaires were collected after those are filled by respondents. Another data was collected 
according to the schedule from the concerned companies (contractors) like project schedules and 
that were analyzed. Starting from the inception stage of the proposal it is necessary to search and 
analyze different literatures. Papers or journals and those other data’s used for desk study are 
more related to the concept of achieving the specific objectives and solve the problem related 
with risk management. All the interview questions and questionnaires are attached hereunder in 
the appendix form.  
3.3.6 Data Analysis 
Analysis is an interactive process by which answers to be examined to see whether these results 
support the hypothesis underlying each question. The data analyses for the desk study were 
carried out with regard to theoretical propositions. Whereas the methods used to analyze 
interviews and questionnaire data are through descriptive and quantitative statistical analysis. In 
addition some data such as the level of impacts and the probability that may happen and 
responsibilities of stakeholders were used as an input for models. This method assists to analyze 
the feedbacks from the respondents which can easily be tabulated in actual numbers. The risks, 
taken by the projects, were analyzed as a case study by using their schedules with software 
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simulations such as ‘Primavera Risk Analysis’. Because as it is expressed in the literature review 
Primavera Risk Analysis provides a risk management solution integrated with both qualitative 
and quantitative risk analysis capabilities to determine the impact of risk and uncertainty on the 
project. Primavera Risk Analysis offers the following risk management features:  
 A risk register where we can log all project risks and manage their details, including 
descriptions, status, probabilities, impacts, and other information.  
 Used to prioritize project risks based on risk scoring criteria defined for the project.  
 Run a Monte Carlo analysis using project schedule and risk data to produce probability 
curves showing expected time and cost outcomes and the probability of achieving each. 
 Develop risk response plans to address project risks and establish post-response scenarios.  
 
3.4 Reliability Analysis and Statistical Proof 
Reliability of an instrument is the degree of consistency with which it measures the attribute it is 
supposed to be measuring (Mousa, 2005). The less variation an instrument produces in repeated 
measurements of an attribute, the higher its reliability. Reliability can be equated with the 
stability, consistency, or dependability of a measuring tool by comparing planned and actual 
performances. The test is repeated to the same sample of people on two occasions and then the 
scores obtained were compared by computing a reliability coefficient. For the most purposes 
reliability coefficients above 0.7 are considered satisfactory (Mousa, 2005). Generally a period 
of about three months was proposed to collect the data. So the data was also collected within 
three months as per the scheduled time. 
Thirty one technical persons are interviewed as it was specified in the proposal and two 
questionnaires were not collected out of 33 total distributed questionnaires with reliability 
coefficient of 0.9. In addition the data was distributed and collected within time but it consumes 
more cost relative to the budgeted cost. Since it was proposed 3000 ETB for data distribution and 
collection but it consumes more than 5000 ETB. (See details in Appendix E).  
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3.5 Research Subjects and Ethics Review  
First of all the study was accepted from Addis Ababa Science and Technology University, Civil 
Engineering department in order to get acceptance by the construction companies for provision 
of data through request for cooperation. The data in which those are collected from contractors 
was within permission and also be obtained from themselves. Working with other professionals 
and technical persons by creating good relationship is critical in order to achieve the research 
objective. The research was done responsibly with good communication with whom those are 
participated in the study for the best achievement of the mission. Also the paper was finished as 
per the schedule and budget hence it is one of the successful criteria of achieving the mission. 
In order to keep in secret of the contractors internal operation, in addition to interviews and 
questionnaires, the study uses  construction project schedules as a case study that was provided 
by them, and it will use for educational purpose and gives recommendations for the future 
schedules. In addition, at the time of data collection giving respects to the participants and asks 
permission about their voluntariness for response was mandatory. And also ethically considers 
participants not to put at risk and not to act against their human rights. For the analysis of the 
data that was collected it was analyzed ethically only for this research with integrity. The 
findings of the research were presented without any deviation from the outcome of the research. 
In addition, it is compulsory to give full acknowledgements to all participants to the study and all 
reference materials used in the study is mandatory and it was done on the paper. 
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CHAPTER FOUR 
ANALYSIS AND DISCUSSION OF RESULTS 
4.1 Introduction 
The aim of the study is to assess how and in what way to apply risk management and analyze 
risk management problems, why risk management is important for construction projects, and 
what methods applied and actions taken to reduce risks, and what tools and techniques is used to 
manage risks in construction projects for the case undertaken by local grade-one contractors. 
Mainly, the chapter focuses on the risk management principles or methods, processes, techniques 
and models used to manage risk; risk responses and actions taken to reduce risk; and the impacts 
of risk factors and mitigation steps as a trend for local grade-one contractors.  
Note that risks are a wide and general term used to identify uncertain events that impacts at least 
one of the project objectives. Such risk includes the risks of accidents, damages, delays, force 
majeure risks and such a like risk causes. The study focused on risks related to the causes of cost 
overruns and time delays in which projects are executed beyond the scheduled time and budget. 
This chapter presents the data gathered from different local grade-one contractors through 
interviews, questionnaire, document analysis, and by collecting project schedules as a case study 
and analyze it through interactive software. Interviews were investigated for different 
stakeholders such as project managers, project planners and office engineers having different 
academical status (table 4.1). Concerning the questionnaire, it was also distributed to such 
stakeholders, out of 33 respondents to whom the questionnaires were distributed 31 (94%) of 
them was successfully completed the questionnaire and return it duly. In the study both interview 
questionnaire results was analyzed. But interviews are used as a support for the reliability of 
questionnaires and it was analyzed through qualitative method. Questionnaires were majorly 
used for investigating personal opinions about risk management practices for construction firms 
especially those questions answered in a ranking or rating way and questions those are used as an 
input for Primavera Risk Analysis. Questions in which they are not answered in the 
questionnaire are analyzed through interviews. For case study, from 35 grade one construction 
companies that was visited, only 17 (49%) (55% out of proposed 31 firms) of them are willing to 
give their project schedules.  
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4.2 Case Project Selection and Respondent Selection Criteria 
The study analyzes risks and assesses the risk management practices of construction firms by 
selecting local grade-one contractors as a sample.  Local grade-one contractors are selected 
because relatively they take substantial risks hence they manage huge projects and so many 
resources. In addition if risks are not well managed by grade-one construction firms, nothing is 
expected from other construction firms having grades two and above. So first it is necessary to 
study the risk management practices of grade-one construction firms. Now a day’s so many 
small and huge, road and building projects are executed in Addis Ababa by different contractors. 
Relatively road projects are highly uncertain than building projects because of its long project 
duration in which it is sensitive to environmental changes and accompanies much amount of 
resources.  
It is difficult to analyze risks for all of the projects which are executed in Addis Ababa. But 
based on the sample size requirement the required numbers of sample projects which are a 
representative for the projects executed by local grade-one contractors are selected. About 31 
projects (see in chapter three ‘Sample Size’) are selected for analyses which are executed by 
local grade-one contractors. Hence projects executed by local grade-one contractors are huge 
projects and consumes so many resources and many stakeholders are participated to it. So they 
should manage their risks primarily in order to achieve their objectives efficiently and 
effectively.  
For case study, from 35 grade one construction companies that was visited, only 17 (49%) (55% 
out of proposed 31 firms) of them are willing to give their project schedules. But a total of 34 
projects were collected from 17 construction companies and analyzed in detail through 
primavera risk analysis. Detail discussions about the results are also done in this chapter. 
Respondents are selected based on some criteria’s: 
- Two years minimum experience in construction sector. 
- Whom they work as an employee in grade-one construction firms. 
- Those persons having a position either project manager, project planner or office 
engineer. 
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Table 4.1: Respondent’s academical status 
Experience Educational status  No. of respondents 
1 – 3 years 
BSc 5 
MSc 2 
Above  - 
3 – 6 years 
BSc 6 
MSc 2 
Above - 
Above 6 years 
BSc 8 
MSc 8 
Above  - 
4.3 Analysis for Awareness of the Principles of Risk Management and its Applications 
4.3.1 Awareness of the Concept/Principles of Risk Management 
Different researchers define risks in various ways as shown in the literature review. Most of the 
time the word risk is explained in its negative sense and also for the purpose of this research this 
negative term was adapted. Hence risk is an uncertain event or set of circumstances, if they were 
happen, it would have a negative effect on one or more of the project objectives. Effective risk 
management practice is a very important management function for any project which tries to 
identify, analyze and evaluate risk to minimize its effect on projects. Most of the respondents are 
aware of the concept of risk management as it was investigated from the interview survey of this 
research.  
Table 4.2 shows the responses of the respondents, when they were asked, whether they are aware 
of the concept of risk management. Out of 31 respondents 29 are aware of the concept of RM. 
This shows that most of the parties involved in Ethiopian construction projects which are 
executed by local grade-one contractors, 94%, know about the concept of risk management.  
Table 4.2: Awareness of the concept of risk management 
Response about awareness of the 
concept of risk management 
Yes No 
Frequency 29 2 
Percentage 94% 6% 
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As it was described in table 4.2 above out of 31 respondents 94 percent of them are aware of the 
concept of risk management. But still some respondents (6%) are not aware of the concept of 
risk management.  
In addition as shown in table 4.3 it was investigated that most of the respondents, 87%, are aware 
of the principles and practices of risk management. We can say that risk management principles 
are known by most of the parties that are involved in construction projects which are executed by 
local grade-one contractors, but 13% of the respondents are not aware of the principles of risk 
management. In addition some of the respondents have low level of understanding about the 
principles and practices applied manage risk. 
Table 4.3: Awareness of the principles of risk management 
Response about awareness of 
principles of risk management 
Yes  No  
Frequency 27 4 
Percentage 87% 13% 
The next question tries to assess how they became aware of the concept and/or principles of risk 
management and weather they are confident enough to implement their knowledge into action. 
Table 4.4 shows 67% of the total respondents, in which those are aware of the principles of risk 
management (27 respondents), became aware of the principles especially the concepts of risk 
management through study before they are graduated and 15 % became aware through training 
and 18% of them are aware through life time experience or word of mouth.  
Table 4.4: Way of being aware of the principles of risk management 
Way of being aware of the concept and/or 
principles of Risk Management 
Frequency  Percentage  
Education/Study 18 67% 
Training 4 15% 
Life time experience or word of mouth 5 18% 
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The above table shows most of grade-one local contractors are not given training for their 
employees about the principles and techniques that are used to manage risks. Instead most of the 
parties are aware of the principles of risk management through education when they are in higher 
educational institutions and some of them are through life time experience or word of mouth. 
Hence most construction firms are not given to their employees about the concepts/principles of 
risk management so construction risks are not managed formally rather it was done by default. 
Local grade-one construction company employees are not discussed together about risk 
management and the risks that will happen during and/or after the execution of a certain project 
as we have shown in table 4.5. There are several technical employees whom they are responsible 
for risks that may happen in a construction industry. But they may response for risks before it 
was happened if the risks were systematically managed. 
Table 4.5: Trends of employees to discuss each other about risk management 
Does the Employees discuss about risk and 
the principles & techniques to manage it? 
Yes No 
Frequency 5 26 
Percentage 16% 84% 
In order to respond for risk that may happen before or after the execution of a certain project it is 
necessary to have full of knowledge and experience about the concept and principles of risk 
management. Knowledge and experience of employees which are used to manage risks are 
developed through training given by the company through supportive computerized software. 
But as we have seen in table 4.4 most of the respondents, 84%, says that employees are not 
discussed together about risk and the principles and techniques to manage it and construction 
companies are not given well training to their employees duly.  
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4.3.2 Awareness and the level of use of Risk Management Models 
Hence construction industry is plagued by projects experiencing heavy delays and poor cost 
performance, project managers are increasingly inclined to focus on achieving time and cost 
objectives, and matters relating to quality. So they are willing to use tools in order to run the 
construction processes smoothly, minimize surprises, and prevent expending costly resources. 
There are different models that are used to manage construction risks those are explained in 
literature review. But from the study no one, except two respondents they know one software 
each theoretically, knows those models those are used to manage risk. 
Table 4.6: Awareness and applicability of risk management software/models 
Do you know some models/software’s 
that are used to manage risk? 
Yes  No  
Frequency  2 29 
Percentage 6% 94% 
Known software/model Primavera Risk Analysis & PERT __ 
Table 4.6 shows out of 31 respondents most of them, 94%, are not any awareness about 
computerized risk management software/models. Rather 2 of the respondents are aware of 
primavera risk analysis and Program evaluation and review technique (PERT) each but they do 
not have any experience to do through them. This indicates that most construction firms do not 
have a trend to use supportive models in order to manage risks formally and systematically. 
Hence risk management is one of the major effective management functions for every business, 
systematically manage risks through technological advancement were used to achieve their 
objectives. Even if construction industry is sensitive to uncertain events so reducing risk factors 
will be the major concerns for one’s construction company in order to achieve his objectives.  
There are so many reasons which hinder to use risk management models. Table 4.7 shows that 
respondents answers the major reasons which hinders to use risk management software/models 
or it was applied in a quite low importance in construction industry. 
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Table 4.7: Reasons that hinder to use risk management software/models 
Reasons that hinder to use risk management 
software/models 
Frequency  Percentage  
Lack of skill/experience/training 12 39% 
Negligence 5 16% 
Default construction practice/trend   8 26% 
Needs time and too many data 1 3% 
Poor construction management system 3 10% 
Poor opinion for software by companies 2 6% 
The above table shows lack of skill/experience of employees or lack of training given to 
employees by the construction company is relatively the major reason, 39%, that hinders to use 
software/models those are used to manage risk. This indicates construction companies are not 
given critical attention for risk and risk management tools. Next to lack of skill/experience or 
training, default construction trend executed by local grade-one contractors, 26%, is the second 
major reasons that hinder to use risk management tools. In our country doing by default using 
experience is acceptable than that of technical things because of the non-well supervised 
construction working system.  
In addition, negligence by the construction companies about risk management and its tools is the 
third reason that hinders to use risk management tools. Awarding the contract and run through 
traditional system is the major implications of working with negligence for the risks. Also poor 
construction system is one of the fourth reason, 10%, that hinder to use risk management tools 
that are higher probability than poor opinion for software by companies, 6%, and analyzing 
through models takes time and may use too much data, 3%. Hence construction industry is 
managed through traditional way of management system; management is not developed through 
the applicability of technology. Because in traditional management system risk management is 
not one of the major management functions but it was managed through an uncertain 
environment.  
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4.4 Trends for Construction Insurance and Safety & Health Issues 
Construction insurance provisions and safety and health issues are parts of contractual issues that 
are amended for agreement. Survey result shows that, most local grade-one construction firms 
consider such construction insurance provisions in their contract issues. 
Table 4.8: Contractors insurance trend as a contractual issue  
Does your company include insurance 
provisions as a contractual issue? 
Frequency Percentage  
Yes  29 94% 
No  2 6% 
As it was described in the above table most construction companies, 94%, considers construction 
insurance provisions in their contract issues. But still there are companies in which they are not 
considered insurance as a contractual issue. 
Also the study shows among those construction companies in which even if they considers 
construction insurance provisions in their contract issues, some of them, 29%, doesn’t interact 
with insurance companies about the insurance policies in risk identification or allocation process 
before or during construction execution (table 4.9). 
Table 4.9: Applicability of insurance policy during risk identification and allocation 
Does your company interact with insurance companies about the 
insurance policies in risk identification or allocation process 
before or during construction execution? 
Yes  No  
Frequency  22 9 
Percentage  71% 29% 
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In addition to the applicability of insurance policies the study shows that most construction 
companies, 74%, doesn’t give safety and health training to their employees. Some construction 
firms give safety and health training slightly especially for technical employees. 
Table 4.10: Trends for safety and health training 
Does your company give safety and health 
training to employees? 
Yes  No  
Frequency 8 23 
Percentage  26% 74% 
The other study conducted in relation to safety and training is about the accidents or damages 
and its actions encountered by construction companies. More than half, 55%, local grade-one 
construction companies doesn’t take immediate action for the accidents or damages happened 
during the execution of projects (table 4.11). But the losses are transferred to insurances in some 
extent. The level of extent for the accidents or damages was measured based on its consequence 
by the project objectives and based on insurance provisions. Only 45% of construction firms 
takes immediate actions for such accidents or damages and its extent of damage was evaluated as 
medium to higher damages to machines or humans that may cost about 50,000 to 2 million. 
Table 4.11: Trends for construction firms to take immediate action for accidents or damages  
Does your company encounter the accidents or damages 
happened during the execution of projects? 
Yes  No  
Frequency  14 17 
Percentage  45% 55% 
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4.5 Risk Response Practices and the Applicability of Risk Management Principles 
4.5.1 Construction Risk Response Trends  
Different researchers suggest there are four ways of responding to risk in construction projects as 
it was stated in literature review. The first one is risk avoidance: eliminating a specific threat, 
usually by eliminating the cause. The project management team can never eliminate all risks, but 
specific risk events can often be eliminated. Mitigation or risk reduction, the second ways of 
responding to risk, is reducing the expected monetary value at risk events by reducing the 
probability of occurrence (e.g., using new technology), reducing the risk event value (e.g., 
buying insurance), or both. Risk retention is also another ways of responding risks and it 
indicates that the risk remains present in the project. Two options are available when retaining 
the risk: either to develop a contingency plan in a case when risk occurs (active retention), or to 
make no actions until the risk is triggered (passive retention). And the last one is risk transfer; it 
is essentially trying to transfer the risk to another party. 
The study uses four time classification of risk responses as risk avoidance/elimination, risk 
reduction/control, risk retention and risk transfer. Figure 4.1 shows the respondents answer for 
the question what risk mitigation/response strategy does the company usually use? (See details 
@ Appendix D (part d)). 
 
Figure 4.1: Risk response practice 
10% 
25% 
35% 
30% 
Risk response practice 
Risk avoidance/elimination
Risk reduction
Risk retention
Risk transfer
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The study shows that, avoiding the consequences of risk factors is one of the least applicable risk 
response mechanism executed by local grade-one contractors.  Figure 4.1 shows only 3 or about 
10% of the total 31 respondents use risk avoidance as a major mechanism to respond risk. But 
avoiding risks from construction sector is a very challenging task hence it was run in an 
uncertain environment. Some of construction companies, 8 or 25% out of 31, uses risk reduction 
response mechanism i.e. minimizing the probability and/or consequences of risk factors 
according to the survey results (figure 4.1). Construction companies reduce risk factor 
consequences by changing work methodologies, developing close communication with in 
parties, changing management ways etc. Those risks that remain in the project after risk 
avoidance and reduction may be transferred to another party either inside or outside the project.  
As we have seen in the figure 4.1 some respondents, 35%, says that risk retention is used as a 
major risk response mechanism by their company. Accepting whether a positive or negative 
consequence of risk (passive retention) and planning to use a certain contingency or float (active 
retention) are the mechanisms applied to respond risks. 30% of the respondents company uses 
risk transfer as a major risk response mechanism. Usually since construction industry is run in an 
uncertain event unpredictable risks are accepted by the concerned party and also it may be 
transferred to other subsequent party such as insurance if it is over burden, sub contract etc.  
The other thing that was further investigated in relation to risk response trend is about risk 
transfer mechanism and the parties to whom risk is transferred. According to survey result most 
local grade-one construction companies uses risk acceptance as a major risk response 
mechanism. Parties are responsible for different risks but if it is overburden some risks are 
transferred to other parties such as client (for contractor risks), contractor (for client risks), 
insurance, government and environmental authority. Negotiation is the most likely applicable 
risk transfer mechanism used by construction firms.  
Table 4.12 describes most design risks, 70%, are transferred to client and those contractual risks 
are transferred to the contracting parties each other through negotiation and according to 
contractual provisions. Most environmental and external risks are transferred to environmental 
protection authority, 40%, and government, 30%, in addition to client and insurances. 50% of 
technical and/or force majeure risks are transferred to insurances through insurance provisions. 
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Table 4.12: Risks and risk transfer mechanism  
Risks  Risk transfer mechanism Frequency Percentage 
a. Design risks 
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Client  Through negotiation  14 70% 
Insurance  Insurance provisions and 
Paying risk premiums  
6 30% 
b. Contractual risks 
P
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Client (contractor risks) Through contractual 
provisions and negotiation 
10 50% 
Contractor (client risks)   Through contractual 
provisions and negotiation 
10 50% 
c. Environmental  and external risks 
P
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Client  Through negotiation  4 20% 
Government  Through negotiation  6 30% 
Environmental protection 
authority 
Through negotiation 8 40% 
Insurance  Insurance provisions and 
Paying risk premiums 
2 10% 
d. Technical and/or force majeure risks 
P
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Client  Through contractual 
provisions and negotiation 
4 20% 
Government  Through negotiation 4 20% 
Environmental protection 
authority 
Through negotiation 2 10% 
Insurance  Insurance provisions and 
Paying risk premiums 
10 50% 
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4.5.2 Analysis for the practice and principles of formal Risk Management 
Interview result shows that some companies apply formal risk management system through 
different mechanisms as shown in the table below. Those mechanisms such as developing formal 
risk management plan, designating risk management officer/team and allocating risk expert are 
applied in order combat risks and analyze it before it was happened. Survey results are analyzed 
for 27 respondents those who are aware-of the principles of formal risk management system.  
 Table 4.13: Mechanisms for risk management system 
Mechanism for risk management system Frequency Percentage 
Developing default risk management plan 17 63% 
Designating risk management team/officer 4 15% 
Allocating risk expert - - 
Nothing is used 6 22% 
Interview result shows that most companies, 63%, develop default risk management plan before 
they are going to execute his duties as a plan. These default risk management plan is a plan 
developed based on historical data and other similar project risks. But managing risks in default 
is not a formal risk management plan. Because formal risk management plan is a plan developed 
to manage risks based on identifying the specific real risk factors, analyzing its causes and 
impacts, mitigating the responses and planning for actions, etc. Even if interview result shows 
that construction firms, in which they develop default risk management plan, don’t apply the 
plan as a management process and they don’t monitor the project risk on the progress.  Instead of 
this some companies, 15%, designates risk management team as a formal risk management 
system in order to respond risks for the best achievement of their goals. In addition no one 
allocates risk expert to manage risks. This indicates that construction firms doesn’t designate risk 
expert to manage risks. Rather, out of 27 respondents 6 of their companies do not use formal risk 
management system. So formal risk management system is not developed in construction sector 
rather risk is managed through default management system in an uncertain environment. 
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Hence once formal risk management mechanism is conducted by construction companies, the 
concerned parties were focused on majorly contractual, financial, political, performance, 
technical and operator related risks. Especially they focused on contractual risks hence 
sometimes contracts are not well enforced by contracting parties. 
Generally, respondents were recommended those risk management approaches as a principle in 
order to achieve their objectives and to create safer and risk free construction environments. 
Some of them are: 
 Make risk management part of your project 
 Identify risks early in your project  
 Communicate about risks 
 Consider both threats and opportunities 
 Clarify ownership issues  
 Prioritize risks and analyze risks  
 Plan and implement risk responses  
 Register project risks, Track risks and associated tasks  
The first strategy for developing effective risk management system is to make risk management 
part of our day to day operations. The impacts, events (including changes in circumstances) and 
their causes and potential consequences of risks should be identified as a major risk management 
process. The aim of this step is to generate a comprehensive list of risks based on those events 
that might create, enhance, or delay the achievement of the project objective. Communication 
and consultation with external and internal stakeholders should take place during all stages of the 
risk management process. Modern risk approaches also focus on positive risks called project 
opportunities. These are uncertain events that are beneficial to the project and organization. The 
next step is to make clear who is responsible for what risk! Someone has to feel the heat if a risk 
is not taken care-of properly. Prioritize the probability of occurrence for those risks; analyze the 
effect of such risks; and plan and implement different risk responses such as minimizing the 
effect of risk factors, avoiding risk causes, or accepting/transfer the consequences of risk factors 
are the other approaches used to manage risks. Register project risks to identify risk mitigation 
responses and impacted tasks, and tracking and integrating risk tasks to identify/analyze risks or 
to generate, select and implement responses is another strategy for effective RM system. 
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4.6 Analysis for Risk Management Methods or Techniques and Processes  
4.6.1 Analysis of Methods or Techniques used for Risk Management  
Literatures show that risk management in construction projects is applied in full of deficiencies 
that affect its effectiveness as a project management function and in the end projects’ 
performance. For many years, risk management in construction projects has been approached 
using a reductionist approach that produces poor results and limits the quality of project 
management. For example, most of the time risk is handled through the application of 
contingencies or money and floats or time which is not determined based on a comprehensive 
analysis of risks that can affect a particular project, and in many cases it may not clearly 
sufficient to cover the consequences of risks happen during project realization. 
4.6.1.1 Level of Use of Risk Management Methods/Techniques and Principles 
According to respondents the most common excuse given for not incorporating risk management 
techniques in construction projects was lack of awareness about the significance of risk 
management methods/techniques and principles. The methods used to deal with risk in 
construction projects were found to be highly dependent on individual’s judgment and past 
experience. It was also observed that most constructions projects are not completed in 
conformity to their original plan, i.e. they usually sustain delay, cost overrun or quality problems.  
Survey result shows that developing formal risk management plan and applying methods and 
techniques to manage risk are the best fashionable task for effective risk management system. 
Therefore it is necessary to apply formal risk management techniques and methods in order to 
plan and manage risks, identify the risk factors, assess the consequences, respond for risk 
impacts, and monitor project risks. All of the respondents agreed that, in the questionnaire 
survey, the best methods or techniques to manage risk are risk identification: identifying risk 
factors which may impact on the best achievement of the project objectives; risk 
assessment/analysis: systematic consideration of risk events, their likelihood of occurrence, 
evaluate consequences of such occurrences and assess their impacts; risk response planning: plan 
to avoid, accept, reduce or transfer risks and its response mechanism; and risk monitoring: in 
evaluate the progress of risk occurrence and severity of its impacts. 
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Table 4.14: Level of use of risk management methods and principles 
As we have shown in the table above, 42% of construction firms don’t use formal risk 
management methods and techniques which are used to manage risks. Some companies, 45%, 
uses these risk management methods and techniques but its applicability in construction project 
to manage risks are quite low because of their poor and default project management system. 
Even still now 4 employees out of 31 respondents don’t know whether their company use risk 
management methods and techniques or not. 
In addition the study investigates, through interview, about the reasons those companies do not 
use formal risk management methods and techniques and assesses about the methods or 
techniques were the company applies as another option especially if risk were happen. Survey 
result shows there are so many reasons in which construction companies do not use risk 
management methods or techniques. One of the major reason is in most cases construction firms 
are not pro-active (risks are not managed early at the design phase) rather risks are managed in 
re-active manner after risk events were occurred. Interview result shows poor project 
management and organization system is the second major reason in which construction firms are 
not organized well and the parties doesn’t know who is responsible for each of the risks. The 
third reason is lack of full knowledge by the employees about formal risk management. Another 
method of risk management system used by those some construction firms, if risks were happen, 
are direct judgment through experience and personal skills and make a decision, designating risk 
assessment team those who assesses the consequences of risk to overcome the impacts, counter 
risks by hiring risk experts. Hence if all of those methods are pro-active risk management 
techniques, risk impacts are not minimized. 
Does your company apply 
formal risk management 
methods and principles? 
Methods or 
Techniques 
- Risk identification 
- Risk assessment/analysis 
- Risk response planning 
- Risk monitoring 
Yes No  Ignored  
Frequency  14 13 4 
Percentage  45% 42% 13% 
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4.6.1.2 Techniques Used to Identify Risk Factors 
Hence construction firms use different risk management techniques the first technique is risk 
identification. Table 4.15 shows the techniques used by them in order to identify risks. One 
major technique used to identify risk factors is through expert opinions. Risks may be identified 
directly by experts with relevant experience with similar projects or business areas. 
Brainstorming (information gathering technique) to obtain a comprehensive list of project risks is 
another technique used to identify risks. Identifying risk factors through using checklists, 
previous experience or historical data and risk records are another technique. 
Table 4.15: Risk identification techniques 
Techniques used to identify risks factors Frequency   Percentage  
Expert opinions 8 26% 
Brainstorming  7 23% 
Risk checklists 9 29% 
Previous experience or historical data 13 42% 
Risk records 11 35% 
Nothing is used 17 55% 
Table 4.15 shows that all of the listed risk identification techniques are the best techniques and 
they are applied by some construction firms according to the project conditions. Especially 
identifying risk factors through previous experience or historical data, 42%, and through past risk 
records, 35%, are the most frequent technique applied by construction firms. Still most local 
grade-one construction contractors, 55%, don’t use any techniques which are used to identify 
risk factors. 
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4.6.1.3 Techniques Used to Assess the Likelihood of Risk Occurrence 
Local grade-one construction firms, in which those applies formal risk management methods and 
techniques in order to assess the likelihood or probability of risk occurrence for the identified 
risks. Different literatures show that the likelihood of risk occurrence usually both affects and is 
affected by how it is allocated. Allocating a risk to the party best able to control its occurrence 
and consequences, reduces the likelihood of the risk eventuating by giving the party best able to 
control it an incentive to prevent its occurrence. In these study survey result shows that, most 
parties involved in the Ethiopian construction industry attempt to estimate the probability of risk 
occurrence by using past experience. This tends to make the process subjective and the result 
obtained might not be reliable and maybe variable based on the individual performing the 
assessment. 
Table 4.16: Techniques used to assess the likelihood of risk occurrence 
Techniques used to assess the likelihood of risk occurrence Frequency  Percentage 
Quantitative probability assessment based on historical data 11 35% 
Subjective probability assessment based on expert judgment 3 10% 
Ranking the importance of risks based on past experience 11 35% 
Nothing is used 17 55% 
Note: 11 respondents out of 31 choses both techniques i.e. quantitative probability assessment 
based on historical data and ranking the importance of risks based on past experience. 
As we have seen in table 4.16 survey result shows that some, 35%, local grade-one construction 
firm applies both techniques i.e. quantitative probability assessment based on historical data and 
ranking the importance of risks based on past experience, to assess the likelihood or probability 
of risk occurrence according to the project conditions. 10% of them uses risk expert to assess 
subjective probability of risk occurrence. According to respondents most construction firms, 
55%, doesn’t use any technique in order to assess the likelihood of risk occurrence. 
  
59 
 
  
4.6.1.4 Techniques Used to Estimate the Size of Risk Severity/Impact 
Each of different risk factors, whether opportunity or threat, doesn’t result the same consequence 
for one’s project. Some construction firms use different techniques or methods according to the 
project conditions in order to estimate the size of risk severity or consequence (table 4.17). 
Table 4.17: Techniques Used to Estimate the Size of Risk Severity 
Techniques Used to Estimate the Size of Risk Severity Frequency  Percentage  
Probability analysis 3 10% 
Sensitivity analysis 2 6% 
Decision tree analysis - - 
Expert system 5 16% 
Simulation analysis (including software packages) - - 
Direct judgment using experience and personal skills 13 42% 
Comparing analysis (compare similar projects through similar 
conditions) 
7 23% 
Nothing is used 17 55% 
As it was presented in table 4.17, direct judgment using experience and personal skills is found 
to be the most common technique used by some, 42%,  local grade-one construction firms for 
estimating the size of the risk impact or its consequence. Out of the sample construction firm 
23% of them were use comparing analysis (compare similar projects through similar conditions) 
as a second most widely used technique to estimate the size of risk severity. Still 55% of them 
were not used any technique such as decision tree analysis, simulation analysis which is used to 
estimate the size of risk severity.  
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4.6.2 Risk Management Processes 
Applying effective risk management processes rather than the methods and techniques is one of 
the major issues to manage risk in the execution of construction projects. The overall objective of 
risk management process is to maximize the opportunities and minimize the consequences of a 
risk event. The study was tried to identify the major risk management processes that are widely 
applicable for construction projects executed by local grade-one contractors.  
Survey result shows that most of the time long risk management processes are applied for default 
risk management system. These are background/context, description of the hazard source, hazard 
propagation/hazard analysis, damage or consequence analysis/modeling, analysis of hazard event 
frequency, distribution of objects, success frequency of avoiding hazard event consequences, risk 
computation and visualization, risk comparison with criteria, risk assessment, risk 
communication, evaluate risk, and mitigation measures. Each step is applied in an appropriate 
project execution stage starting from planning up to finishing phase. This step is pro-active risk 
management process used to manage risk before it would happen and reduces the consequences 
of risk. But the process is very detail and it is difficult to apply in a systematical and effective 
way hence in Ethiopia construction projects are managed through experience rather than 
technique.  
In the study respondents agree that risks should be managed through a clear and short process i.e. 
plan about risk management, identify risk factors, analyze risks qualitatively, analyze risks 
through quantitative way, plan for risk response, and monitor and control risk. This systematic 
risk management process is planned by some of local grade-one contractors but in a little bit of 
applicability. Generally, respondents recommend that for risk management process to be 
successful, it is better to know what you want to get out of the process. May be try to apply 
complicated and unnecessary risk management process results nothing rather than failure to 
manage it. Determination of ownership is another issue for successful risk management process. 
It is imperative for people to be accountable for risks, controls and action plans. The other issue 
to address the process is undertaking cost-benefit analysis.  
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4.7 Analysis of Causes and Level of Impacts of Risks, its Allocation and Actions Taken to 
Minimize Risks 
4.7.1 Sensitive Risk Causes and its Level of Impact in Construction Project 
Various problems are shown during the execution of construction projects which disturbs the 
suitable working environment. These results due to poor construction management system 
especially those construction companies were not apply efficient risk management system. Risks 
may cause from different areas as it was discussed in literature review i.e. contractual related 
risk, performance risk, financial/economical risk, political risk, technical risk, operator risks and 
others such as geographical risk, environmental risks, etc. Each risk causes has different level of 
occurrence and impact. 
The study focuses on the level of impacts of risks and the probability/likelihood of occurrence 
for risk causes. Survey result shows that among the major causes of risks, the probability of 
occurrence and impacts of financial and contractual risks are relatively high. So it is essential to 
taking care of for the management of these risk causes The table below shows the level of 
impacts of risk causes and its probability of occurrence in construction projects. (See details @ 
Appendix D (part b)) 
Table 4.18: The level of impacts of risk causes and its probability of occurrence 
Risk causes 
Number of  responses (31 total respondents) 
Probability of occurrence Level of impact or consequence 
High 
(3) 
Medium 
(2)  
Lower 
(1)  
Mean  High 
(3) 
Medium 
(2) 
Low 
(1)  
Mean  
Contractual risks 20 10 1 13.5 17 11 3 12.7 
Financial risks 24 6 1 14.2 14 11 6 11.7 
Technical risks 5 25 1 11 11 8 12 10.2 
Operator related risks 3 26 2 10.5 8 12 11 9.8 
Performance risks 6 12 13 9.2 7 10 14 9.2 
Political risks 1 10 20 7.2 4 12 15 8.5 
Others (Geographical, 
Environmental, etc.) 
4 5 22 7.3 4 14 10 8.2 
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Figure 4.2: Mean value of the level of impacts of risks and its probability of occurrence  
Figure 4.2 shows that the probabilities of occurrence for both contractual and financial related 
risks are most likely and results high consequences on projects. Next to contractual and financial 
risks technical and operator related risks also occur in a high level and they were result high 
consequence on construction projects.  In addition other risks such as geographical, 
environmental and management related risks occur in consecutive way but its impact on projects 
objective are relatively low. Performance risks and risks related to political issues occur in a 
medium level and also its impacts are moderate. 
In relation to this sub topic the study investigates about the reason why construction projects are 
delayed and expenses additional budget or cost overruns. There are so many reasons but all 
respondents agree that the reasons are payment problems, adverse weather conditions, price 
fluctuations, material/equipment shortage, right of way problems, lack of proper planning and 
resource allocation, lack of efficient risk management system, and other contractual issues. 
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4.7.2 Analysis for the Probability of occurrence and Level of Impact for Risk 
Factors and its Allocation 
In addition to assessing the probability of occurrence for risk factors, identifying the level of 
impacts and its respective responsibility for the consequences of risk factors are another 
challenging task done by risk experts in the process of risk analysis.  Hence construction projects 
run in an uncertain environment, there are so many risk factors in which they may result a 
positive or negative consequence. The study investigates the probability of occurrence for risk 
factors, level of impact and its allocation (analyzed results are shown in Appendix C). 
As it was described in the table, attached here under in Appendix C, most risk factors which 
occurs more frequently in construction projects are contractual, financial and technical risks. 
Change orders/variations, poor construction method, exchange rate fluctuation, and payment 
delay with their respective percentage of the probability of occurrence 88%, 83%, 81% and 81% 
are the most frequently happening risk factors during the execution of construction projects. Also 
if these major risk factors were happen their consequences would be very risky ranking as 5. In 
addition to these design changes, errors in drawings, undocumented change orders, inflation and 
supplies of defective materials are major risk factors which happens a probability of more than 
75% and its impacts are high. All these data’s are used as an input for risk analysis (risk register) 
in when project risks are through primavera risk analysis. 
In addition to the listed risk factors shown in Appendix C, there are additional risk event factors 
as passive risk factors those cause claim by the stakeholders. Here these are some of passive risk 
factors in which they are nominated by most respondents through interviews:   
 Land lease problems (legal risks) and weather conditions (force majeure risks) 
 Right of way problems (contractual risks) 
 Shortage of spare parts and tire (risks due to shortage of local market) 
 Frequent break down of some equipment’s (operator risks)  
 Shortage of petty cash and delay on permanent and temporary employers salary and 
Premium (financial problems) 
 Shortage of both skilled and unskilled manpower(risks due to shortage of local market) 
 Maintenance problems and difficulty in management of equipment’s (technical risks) 
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4.7.3 Remedial Measures/Actions taken to Minimize Risk  
According to the study contractual and financial risks such as change orders/ variations, payment 
delays, financial failure of the contractor, cash flow problems and difficult to access the site were 
found to be the major causes of risks which has a high probability of occurrence and a high level 
of impact on project objectives. Therefore managing contractual and financial issues efficiently 
are the major aims of management practices in which it should be executed by construction 
companies. Wise use of resources and applying strategic resource management system are 
another mechanism used to reduce the impacts of risk factors. Construction companies use some 
remedial measures or actions before risks happened other than applying effective risk 
management system. Some remedial measures or actions are recommended by respondents such 
as increase manpower or equipment, increase working hours or change the construction method 
etc. (table 4.19).  
Table 4.19: Remedial measures or actions taken before risks are happened 
Remedial measures/actions Frequency Percentage 
Increase manpower and/or equipment 24 75% 
Increase working hours 19 61% 
Change construction method 17 55% 
Change the sequence of work by overlapping activities 25 81% 
Coordinate closely with in subcontractors 27 87% 
Close supervision with subordinates 26 84% 
Don’t know 4 13% 
Most local grade-one construction firms use all the above actions or remedial measures 
separately or both of them according to the conditions of projects.  Survey result shows that 
techniques especially change the sequence of work by overlapping some activities, coordinate 
closely with in subcontractors, and close supervision with subordinates for minimizing abortive 
works are major techniques which were applied in construction projects. Still 13% of the 
respondents don’t know whether their company uses such type of actions or not. 
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4.8  Risk Mitigation for Sample Project Plans and its Analysis to Manage Risks 
The main consequences of risks especially which results project delay or cost overruns can be 
reduced though various preventive actions at early stages, hence they were still occur in many 
projects during the construction process. So it is better to apply risk mitigation strategy to reduce 
the expected monetary value for risk events by reducing the probability of occurrence of risks 
using new technology, and reducing the consequences through taking insurance. 
The study uses about 34 construction projects, taken from 17 local grade-one contractors, as a 
case and their risks are analyzed through a model called primavera risk analysis. The execution 
of some projects, about two, is completed but almost all projects are in progress. Different risk 
factors that may result a threat or opportunity, the probability of occurrence and its responsible 
party are used as the major input for simulation (Appendix C). From 34 case projects, in which 
they are executed by local grade-one contractors, 20 projects are building projects and the 
remaining (14) are road projects. All projects have its own scheduled duration but some projects 
have not yet scheduled cost. Each project schedules in which they are scheduled through 
Microsoft project or Primavera (P3 or P6) are imported to Primavera Risk Analysis software and 
its risks are analyzed through it. The verify the analysis of each project schedules the study uses 
figures and/or tables those are captioned from the model, Primavera Risk Analysis as follows. 
 
Figure 4.3: Risk importing log (from Microsoft project) 
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Figure 4.4: Sample imported project schedules 
Major risk inputs such as duration risk analysis was done for each task in each project plans by 
taking sensitivity factor of 15% minimum and 20% as a maximum factor with in a triangular 
distribution by using minimum, most likely and maximum durations. (See figure 4.5) 
 
  
                   Task duration                                  Figure 4.6: Duration quick risk format  
    Figure 4.5: Triangular distribution 
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Each project plans are correlated through template quick risk with in summary tasks for the same 
activities and 95% is used as coefficient of correlation by giving an interval of confidence 5%. In 
tamplated quick risk format, major/summary tasks are correlated to each specific task including 
its designated triangular duration sensitivity. 
 
Figure 4.7: Sample format for templated quick risk 
The major task what it was done during risk analysis/mitigation after the tasks were correlated is 
risk register. The probability of occurrence for major risk factors, the consequence and its 
allocation are identified through survey and they are used as an input for risk registration 
(Appendix C). The values of all this inputs for each project are the same. Identifying and 
designating the impacted tasks for each risk factor is also another task for risk registration 
process. After all the processes of risk registration is conducted pre-mitigation and post-
mitigation results was analyzed. The overall impact for each risk factor is high and accepting the 
impact is the mitigation response. 
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Here it is risk scoring inputs for all project schedules to register such risk that shows the 
probability scale and the impact scores and types. The probabilistic scales are fixed based on an 
interval of 20 with its minimum probability to occur is below 10% and a maximum of above 
70%. Also duration, cost and performance probabilistic values are decided based on the results 
drawn from the interviews. 
 
Figure 4.8 (a): Sample format for risk scoring (Probability and Impact) 
In addition its managerial impacts are also calculated in risk scoring but 10% sensitivity factor is 
used in order to identify its manageability for each task as whether it is difficult to manage or it 
can be easily manageable. 
 
Figure 4.8 (b): Sample format for risk scoring (Manageability) 
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Figure 4.9: Sample format for qualitative risk register  
 
Figure 4.10: Sample format for quantitative risk register  
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Running risk analysis and analyzing the results are the last step after risks were registered and 
risk plans are conducted. Some sample risk analysis outputs with in distribution graph for each 
project such as project finish date, NPV and general risk outputs are shown in the figures below. 
 
Figure 4.11: Sample format for distribution graph for deterministic finish date 
 
Figure 4.12: Sample format for distribution graph for Net Present Value (NPV) 
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Figure 4.13: Sample format for general risk outputs  
The summarized risk reports for all entire projects are displayed as a report format. Detail 
description for the tasks with its allocated resources and the effects of all risk factors are 
displayed on it. Especially risk out puts such as probabilistic project finish date, cost distribution, 
project NPV, project IRR distribution, project duration and cost sensitivity, project criticality and 
cruciality distribution, and other factors are displayed with in graph. Risk scoring results such as 
probabilistic and impact scales/types that are fixed in the risk plan format are also displayed. 
Risk matrix results such as pre-mitigation and post-mitigation scores including the impacts of 
each risk factor that affects the schedule, cost and performance of a project are the major results 
generated from primavera risk analysis. 
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Survey result shows that most projects, both road and building projects, would not be completed 
more than 50% within a scheduled duration and also budgeted costs are not enough to complete 
the execution of the projects  (table 4.20 (a, b)). (See details to verify the result @ Appendix D 
(part C)) 
Table 4.20 (a): Risk mitigation analysis for building projects 
Probability of project 
completion with in a 
scheduled duration and cost 
Duration analysis Cost analysis  
No. of projects 
(20 total projects) 
%age No. of projects 
(20 total projects) 
%age NPV 
Less than 25% - - - - - 
26% - 50% 17 85% - - - 
51% - 75% 3 15% 6 30% 9 
76% - 100% - - 6 30% 3 
Projects having no duration 
and/or budget schedule 
- - 8 40% - 
Table 4.20 (b): Risk mitigation analysis for road projects 
Probability of project 
completion with in a 
scheduled duration and cost 
Duration analysis Cost analysis  
No. of projects 
(14 total projects) 
%age No. of projects 
(14 total projects) 
%age NPV 
Less than 25% - - - - - 
26% - 50% 9 64% - - - 
51% - 75% 5 36% 1 7% 1 
76% - 100% - - 5 36% 5 
Projects having no duration 
and/or budget schedule 
- - 8 57% - 
 
Table 4.20 (a) shows that most building projects, 85%, are completed below 50% with in a 
scheduled duration. Only three projects or 15% of the total building project schedules are 
completed more than 50% within a scheduled duration but still no one is completed more than 
75% within a schedule out of 20 sample building projects. In addition most building projects are 
completed more than 50% with in a budgeted cost but except some projects they are not 
completed more than 75%. Still some building project schedules, 40% out of 20 sample project 
schedules, haven’t budget schedule. 
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According to table 4.20 (b) most road projects, 64% out of 14 sample road projects, are 
completed below 50% with in a scheduled duration. Also five sample road projects or 36% of the 
total road project schedules are completed more than 50% within a scheduled duration but again 
no one is completed more than 75% within a schedule. Like sample building projects most road 
projects are completed more than 50% with in a budgeted cost but most road project schedules, 
57% out of 14 sample project schedules, haven’t budget schedule.  
Other than these all projects are viable hence its NPV’s are greater than zero having a percentage 
of viability more than 50%. Therefore all construction projects in which they are executed by 
local grade-one projects are not completed within a scheduled time and budget. 
Here it is an implication for those results in which construction projects are not completed within 
a scheduled time and budgeted cost. Hence most construction projects are delayed beyond the 
scheduled time because of time extension clause, costs are increased. Table 4.21 shows the gaps 
between planned and actual duration and cost it was consumed for the sample projects. 
Table 4.21: Analysis for planned vs. actual performance 
Project 
code 
Planned  
duration 
Planned cost 
Actual 
duration 
Actual cost 
Schedule 
variance  
Cost 
variance 
SPI CPI 
XDD-1 180 57939812.62 305 59004095.73 125 1064283.11 0.60 0.98 
XDD-2 180 66630784.52 335 122317382.21 155 55686597.69 0.54 0.55 
XOR-1 125 17937849.50 142 22872929.80 17 4935080.3 0.87 0.78 
XOR-3 374 7901946.33 404 8823044.49 30 921098.16 0.92 0.89 
XOR-4 72 2141082.94 97 2583605.02 25 442522.08 0.74 0.83 
XBok-1 303 191376816.99 324 199027455.86 21 7650638.87 0.93 0.96 
XTA-1 1167 599147575.89 1385 650949716.97 218 51802141.08 0.84 0.92 
XTA-2 706 2379169839.4 835 2379170251.7 129 412.3 0.84 0.99 
XTA-3 618 196196884.14 648 196197002.3 30 118.16 0.95 0.99 
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The study uses nine projects as a sample in order to identify its rate of completion (SPI) and cost 
efficiency (CPI). The figure below also describes the level of accomplishment and makes a 
comparison for each project.  
 
Figure 4.14: Analysis of planned vs. actual value (See details @ Appendix D (part E)) 
As it was described in table 4.21 or figure 4.14 all construction projects are completed beyond 
the scheduled time and budget hence its SPI and CPI’s are less than one.  SPI less than one for 
all projects indicate that projects are completed in a slower rate or behind a schedule and it 
results delay. Also projects are completed with cost overruns and in an inefficient cash flow 
hence all projects are completed having a CPI of less than one. Projects XTA-2 and XTA-3 are 
relatively completed in a better achievement hence it approaches to a budgeted cost.  
The study shows that project schedules doesn’t imply where the project is going on rather they 
are used as a guide line in order to start the projects. This is because construction projects are 
executed in an uncertain event and so many risk factors would be happen. In addition risks are 
not managed systematically and the projects are completed beyond the scheduled duration and 
budgeted cost. Therefore project schedules don’t show exactly when the project completes and 
how much it completes. 
 
XDD-1 XDD-2 XOR-1 XOR-3 XOR-4 XBok-1 XTA-1 XTA-2 XTA-3
SPI 0.6 0.54 0.87 0.92 0.74 0.93 0.84 0.84 0.95
CPI 0.98 0.55 0.78 0.89 0.83 0.96 0.92 0.99 0.99
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CHAPTER FIVE 
CONCLUSION AND RECOMMENDATIONS 
5.1 Conclusion 
The results obtained in the analysis of the survey such as interviews, questionnaires and cases are 
discussed and presented in the previous chapter in detail. Note that the study focuses on the risks 
related to time delays and cost overruns. Therefore, based on the findings from the analysis, the 
following major conclusions are derived and summarized: 
 The study revealed that most technical employees of local grade-one construction firms are 
aware of the concept of risk management. In addition, the principles of risk management 
are known by most technical employees whom those are involved in the execution of 
construction projects. But it doesn’t mean that risk management is well developed because 
still there are employees who participate in construction sector in which they are not aware 
of the concept and/or principles of risk management. In relation to awareness of the 
concept and/or principles of risk management most employees are aware of it through 
education or study. But employees are not discussed together about risks and the 
principles/techniques to manage it and also local grade-one construction firms are not given 
well training to their employees duly. 
The other major conclusion drawn from the study is almost all construction stakeholders, 
those participate in local grade-one construction firms, have not any awareness about risk 
management software’s/models. This indicates that risks are not managed by local grade-
one contractors formally and systematically through the applicability of supportive models. 
Lack of skill/knowledge/training about the models and default construction practice/trends 
are the major reasons that hinders to use those models. 
 The findings proved that most local grade-one construction firms do not use formal risk 
management mechanisms. Only they develop default risk management plan but even they 
do not apply it. 
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Risk transfer is used as a major risk response mechanism used by local grade-one 
construction firms. Risks are transferred to the other party through the most likely risk 
transferring mechanism way called negotiation in addition to those contractual provisions. 
Rather most construction companies manage or minimize risks through signing insurance 
provisions and most of them are interact with insurance companies about the insurance 
policies in which it applies in risk identification or allocation process before or during 
construction execution. But most of them are not given safety and health training to their 
employees.  
 Most local grade-one construction firms sign insurance provisions to transfer risks to the 
insurance companies. Also they interact with insurance policies to communicate with 
insurance policies in risk identification or allocation process before or during construction 
execution. Besides, local grade-one construction firms don’t take immediate action for risks 
related to accidents or damages and even if most of them don’t give safety and health 
training to their employees. 
 The study concludes that most local grade-one construction firms don’t use formal risk 
management plan that are used to manage risks. The study reveals that in most cases 
construction firms are not pro-active rather risks are managed in re-active manner after risk 
events were occurred and in addition poor company management and organization system 
practices are developed. Here are the principles that were used by some construction 
companies. 
o Make risk management part of your project 
o Identify risks early in your project  
o Communicate about risks 
o Consider both threats and opportunities 
o Clarify ownership issues  
o Prioritize and analyze risks  
o Plan and implement risk responses  
o Register project risks, and  
o Track and associate tasks 
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The other major results drawn from the study are the techniques used to identify risk 
factors, techniques used to assess the likelihood of risk occurrence and techniques used to 
estimate the size of risk severity or impact. local grade-one construction firms uses 
different techniques in which they are used to identify risk factors especially the most 
frequent applicable techniques are through previous experience or historical data and 
through past risk records. Also usually local grade-one construction firms assess the 
likelihood of risk occurrence through quantitative probability assessment based on 
historical data and ranking the importance of risks based on past experience. Direct 
judgment using experience and personal skills and use comparing analysis (compare 
similar projects through similar conditions) are found to be the most common techniques 
used by local grade-one construction firms in order to estimate the size of risk 
consequences. 
The other conclusion drawn in relation with this specific objective is about the level of the 
impacts of risks, its allocation and the actions taken to minimize risks. Contractual and 
financial related risks especially change orders/variations, exchange rate fluctuation, and 
payment delays are occurred in a high level and they were result high impact or 
consequences on construction projects those are executed by local grade-one construction 
firms.  Also technical, like poor construction method, and operator related risks are most 
likely occurring risk factors and results high consequence on projects. Each risk factor has 
responsible for the parties (Appendix C). Before the risks were happened some local grade-
one construction firms are used some actions or remedial measures in order to minimize its 
consequences. The major actions used by local grade-one construction firms are: 
o Increase manpower and/or equipment 
o Increase working hours 
o Change construction method 
o Change the sequence of work by overlapping activities  
o Coordinate closely with in subcontractors, and  
o Close supervision with subordinates 
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 As it was discussed in chapter four no one, only two respondents know two applications 
but they don’t know how it was done, is aware of the concept of risk management 
models/applications. There are various applications as it was discussed in literature review. 
Construction stakeholders can use each of them in order to manage risks. But the study 
shows how to manage risks through Primavera Risk Analysis, because it offers the risk 
management features of risk register where we can log all project risks and manage their 
details, including descriptions, status, probabilities, impacts, and other information, used to 
prioritize project risks based on risk scoring criteria defined for the project.  
A plan without risk analysis shows one possible way the project may run. But by using risk 
analysis models many different outcomes for the project are analyzed. Using risk analysis 
model actually it allows you to enter the most likely duration and the minimum and 
maximum durations. But you do not have to stop there. Risk analysis can also be used to 
model task cost risks, resource cost risks (materials and people), different outcomes 
occurring within a project, probabilistic branching, and uncertainties happened in the 
execution works, etc. 
 A construction project schedule doesn’t show when the project completes and how much it 
consumes. But it is an implication for the projects work breakdown and its sequential 
activity. Because each projects were not completed within a scheduled duration and 
budgeted cost. 
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5.2 Recommendations 
Based on the conclusions of the findings especially the understandings of the applicability of 
formal risk management systems and the main causes and impacts of risks related to delays and 
cost overruns of construction projects, its actions applied to minimize such risks and the 
applications/models to manage risks, the following important recommendations are proposed. 
 Especially project planners and office engineers whom those are an employee in local 
grade-one construction firms should be participate in trainings and workshops in relation 
with risk management given by risk experts and try to increase their knowledge of the 
concept/principles and techniques of risk management.  
 Local grade-one contractors should develop the applicability of risk management through 
the use of applications/models by giving training to their employees about risk 
management software’s/models. 
 Local grade-one contractors should be communicate each other and discussed together with 
project owners about the causes and impacts of risks especially risks which may result 
delays and cost overruns. 
 Reducing or minimizing risks rather than transferring risks through establishing risk 
management team or designating risk expert is highly recommended in project risk 
management system. 
  Construction project risks should be managed by applying the principles and techniques, 
and through a clear and short process i.e. plan about RM, identify risk factors, analyze risks 
qualitatively and quantitative, plan for risk response, and monitor and control risks. 
 Local grade-one construction firms should give special attention to manage financial and 
contractual related risks since they were identified as most frequent occurring risks and 
highly impacts for construction projects. 
 Local grade-one construction firms shall sign contractual provisions with insurance 
companies and the study suggests to them to engage experts to implement effective 
insurance policies. 
 Possible construction risks should be allocated contractually and clearly on each party that 
could be done by defining the potential risk factors and allocates them to the party which is 
in the best place to manage these risks. 
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 Techniques such as changing the sequence of work by overlapping some activities, 
coordinate closely with in subcontractors, and close supervision with subordinates, etc. 
should be applied for those construction projects executed by local grade-one contractors. 
 Hence once project schedule was planned, local grade-one contractors are going to execute 
the work without analyzing risks. But they should analyze risks through models/tools by 
conducting mitigation analysis through registering different uncertain risk factors.  
 I recommend that further researches can be conducted on the subject;  
 Case study about risk related claims and its contractual provisions in relation to 
applicable laws. 
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APPENDICES 
APPENDIX A: INTERVIEW 
1. Interview Schedule: General  Introduction 
This interview schedule is prepared to obtain information from key informants with semi-
structured questions. The information is required for the academic research entitled with 
“Assessment for Construction Risk Management Trends: The Case for Construction Projects 
Undertaken by Local Grade-One Contractors”, which is being conducted as partial fulfillment of 
MSc in Civil Engineering, Construction Technology and Management. The main objective of the 
research is to assess the risk management practices and to show how risks are managed through 
the applicability of risk management tools for construction projects undertaken by local grade-
one contractors. 
The schedule consists of five sections with a total of 22 questions. Section one contains general 
questions about the understandings and knowledge with risk management principles and 
practices. Questions related to risk management techniques applied for the construction company 
with its severity of occurrence and contractual issues are included in section two. Section three 
contains questions related with ‘applications of risk management’ with its importance and 
applicability in the construction sector for managing risks. Questions that related to actions or 
remedial measures taken for risks that may happen in the construction industry which results 
negative impact in our objectives are included in section four. Section five is left for general 
comments about the research or about risk management, applications/tools and its practices.  
Your response, in this regard, is highly valuable and contributory to the outcome of the research.  
All feedback will be kept strictly confidential, and utilized for this academic research only. 
Thank you!! 
Habtamu Eskezia Alemayehu 
Post graduate student, Construction Technology and Management 
Addis Ababa Science and Technology University, Civil Engineering Department 
Addis Ababa, Ethiopia 
       2017/2018 
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2. Interview Questions 
Respondent’s general profile  
1. Name: _________________________ 
2. Company: ____________________________________________________  
3. Address: _______________________________________________________  
4. Profession/ job title: _____________________________________________  
5. Company category and/or grade-1: GC            RC               BC 
6. Years of experience; 
a. In the construction industry: ____________________ 
b. In the current position: ____________________ 
7. Educational background:______________ 
Section One: General questions  
1. Are you aware of the concept/principles of Risk Management? Also yours level of 
understanding about the concept of risk management practices. 
2. How did you become aware of the principle of risk management? 
3. How do you evaluate your knowledge of risk management principles? 
4. Do the team discuss about risk involved in the project? 
5. Are you aware of Applications/tools of Risk Management? What of them you 
know/working with?  
Section Two: Questions related to Risk Management Techniques applied for the 
construction company 
1. What is the scope of your company with regards to the type of projects carried on? 
2. How risks were managed in your company? What way risk approach mechanism were 
been used? 
3. How risks can change the plan what you do, and what are its impacts throughout the 
projects life cycle?  
4. What risk management methods you are applied to manage such risks? Or how to 
respond risks? (Transferring to subsequent party, avoiding the risk factor, minimizing the 
consequences of risk, accepting the effect of risk in few cases….). Also what processes 
you are going-to apply to manage risks? 
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5. Does your company use risk management techniques?  
a. If no why & so what method do you use to deal with different risks that arise during the 
project construction?  
b. If yes or your company uses risk management techniques, i.e. especially risk 
management at the contractual stage;  
i. What technique do you use to identify risks? (Expert opinions, Checklists, Risk 
records or what?) 
ii. What techniques do you use for assessing the likelihood (probability) of the risk 
occurrence for the identified risks? (Quantitative probability assessments based on 
historical data, Subjective probability assessments based on expert judgment, 
ranking the importance of risks based on past experience, or other?)  
iii. What do you use to estimate the size of the risk’s severity or its consequence on 
project objectives? (Decision trees analysis, Sensitivity analysis, Probability 
analysis, Simulation analysis or other?  
iv. How do you allocate risks to the different parties involved in a project? (by 
negotiation when and if the risk occurs, by paying risk premiums for the party 
willing to take the risk, by allocating risks to the party in the best position to 
control them through the contract clauses….) 
v. What risk mitigation strategy do you usually use? (Control/reduction, avoidance, 
transfer/deflect retention/acceptance…) 
vi. To whom did you transfer risks in the project? In what forms? 
6. Which areas of risks occur more frequently in your project and which areas of risk cause 
major problems? (Contractual, Financial, Political, Performance, Technical, Operator…) 
or what is the likely hood and severity of risk in your company? 
7. Did the employees receive a health and safety training? 
8. Do the tender documents contain risk allocation clause? Why is it important? 
9. In what extent do you believe Risk Management is important for creating safer 
construction environments and for achieving the projects objectives? 
10. How do you estimate the size of the impact of risks related with time, cost and 
performance? 
Section Three: Questions related with Applications of Risk Management 
1. Which Applications or Risk Management tools do you know? 
2. Do you have any model or technique through which you manage risk? 
3. Does your company analyze risks through Risk Management tools? 
4. Which of them do you propose for managing risks efficiently? 
5. So why did Risk simulation software has been applied a quite low importance in RM? 
6. How much using applications for managing risks is important for achieving project 
objectives? 
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Section Four: Actions or remedial measures taken for risks it may happen 
1. Did any of your previous projects fail to meet their project objectives i.e. did they cause 
delay, cost overrun or quality problems? If no, why? 
2. What remedial measures do you suggest to improve the odds of project objectives being 
achieved in Ethiopian construction projects? (Using appropriate contract risk 
management techniques in all stages of the project, allocating risk through indemnity and 
insurance requirement provisions in the contract, allocating risk to the party that is in the 
best position to control and manage the risk, using relevant clauses in the contract that 
deal with risk, increasing the bid price to compensate for any risks that might be 
encountered….). 
3. Which type of action/risk protective measure is taken to reduce risk? (Avoid the risk, 
Combat the risk at the source, using appropriate technology and working methods….) 
Section Five: General Comments about the research or about risk management, 
applications/tools and its practices 
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ANNEX B: QUASTIONNAIRE 
Informed Consent Form 
“Assessment for Construction Risk Management Trends: The Case for Construction Projects 
Undertaken by Local Grade-One Contractors” 
I invite you to participate in the above captioned Research title. It is a research on the 
applicability of risk management and the models to manage risk, and the principal investigator of 
the study is Habtamu Eskezia Alemayehu. I am currently enrolled in the College of Architecture 
and Civil Engineering at Addis Ababa Science and Technology University (AASTU), and now I 
am in the process of writing my MSc thesis. The purpose of the research is to assess the risk 
management practices and to show how risks are managed through the applicability of risk 
management tools for construction projects undertaken by local grade-one contractors. The 
proposed research will focus on the ‘how and in what way to apply risk management and analyze 
the risk management problems, why risk management is important for construction projects, and 
what methods applied and actions taken to reduce risks, and what tools and techniques is used to 
manage risks in construction projects for the case undertaken by grade-one local contractors.’ 
Risks and Risk Management can be defined in different forms by different scholars. Several 
literatures define construction risk as the chance of certain occurrences adversely affecting 
project objectives such as cost, time, and quality. Risk management is defined as systematic 
approach for identifying, evaluating, and responding to risks encountered in a project. It follows 
that dealing with risk involves planning for risk, assessing risk issues, developing risk handling 
strategies, and monitoring risks to determine how they have changed. The following questions 
are, therefore, intended to assess the current practice of risk management and the applicability of 
models for construction projects undertaken by local grade-one contractors.  
I thank you to participate in the study and thank you very much for your support. 
Habtamu Eskezia Alemayehu 
Post graduate student, Construction Technology and Management 
Addis Ababa Science and Technology University, College of Architecture and Civil Engineering 
Addis Ababa 
   2018
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Part One: Respondents General Profile 
1. Company you are now working:__________________________________ 
2. Academic background: Diploma             BSc              MSc               Above  
3. Profession/Job title:_____________________________ 
4. Category (G1):  GC            RC                 BC          Other, please specify:______________ 
5. Years of experience; 
a. In the construction industry:____________ 
b. In the current company:______________ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Instructions 
The purpose of the study is to assess the risk management practices and to show how risks are 
managed through the applicability of risk management tools for construction projects undertaken 
by local grade-one contractors. This questionnaire asks about your personal understandings about 
risk and risk management trends of your company.  Please answer the following questions based 
on your understandings. It may take you about thirty minutes. Do not write your name in this 
questionnaire. Your response will be anonymous and will never be linked to you personally. 
Your participation is entirely voluntary. If there are items you do not feel comfortable answering, 
please skip them. Thank you for your cooperation.  
Part One: General Information about Construction Risk Management 
1. Does your company have a formal risk management practice consisting of the foregoing 
processes? 
a. Yes                            b. No 
2. Do you think that, as a contractor, risk management plan is required for projects as part of 
consultants’ services? 
a. Yes                            b. No 
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3. If your company has a formal risk management system, what methods/tools do you use to 
plan, identify, assess, respond, and monitor project risks? 
a. Risk identification        b. Risk assessment/analysis          c. Risk response planning   
d. Risk monitoring           e. Other, if any___________________________ 
4. If you conduct a formal risk assessment, 
a. What types of risks do you concentrate on? (Contractual, Financial, Political, 
Performance, Technical, Operator…) 
……………………………………………………………………………………………
…………………………………………………………………….. 
b. How do you manage it? (By designating risk management officer, risk expert, risk 
management team…) 
.............................................................................................................................................
................................................................................................. 
5. What do you think about the causes and effects on delay of construction projects which are 
executed by local grade one contractors? please describe  
…………………………………………………………………………………………………
…………………………………………………………………………………………………
………………………………………………………………………………………………….. 
6. What do you think about the causes and effects on cost overrun on construction projects 
which are executed by local grade one contractors? please describe  
…………………………………………………………………………………………………
…………………………………………………………………………………………………
……………………………………………………………………………………… 
7. Does your company use risk management techniques?  
       Yes                                  No 
c. If no why & so what method do you use to deal with different risks that arise during the 
project construction? 
……………………………………………………………………………………………
…………………………………………………………………………… 
d. If yes or your company uses risk management techniques, i.e. especially risk 
management at the contractual stage;  
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vii. What technique do you use to identify risks? (Expert opinions, Checklists, Risk 
records or what?) 
………………………………………………………………………………………
……………………………………………………………… 
viii. What techniques do you use for assessing the likelihood (probability) of the risk 
occurrence for the identified risks?  
 Quantitative probability assessments based on historical data 
 Subjective probability assessments based on expert judgment 
 Ranking the importance of risks based on past experience  
 Or other, please specify: 
………………………………………………………………………………
………………………………………………………….. 
ix. What do you use to estimate the size of the risk’s severity or its consequence on 
project objectives?  
 Decision trees analysis 
 Sensitivity analysis 
 Probability analysis 
 Simulation analysis  
 Expert Systems (including software packages, decision support systems) 
 Direct judgment using experience and personal skills 
 Comparing analysis (compare similar projects through similar conditions) 
x. How do you allocate risks to the different parties involved in a project?  
 by negotiation when and if the risk occurs  
 by paying risk premiums for the party willing to take the risk 
 by allocating risks to the party in the best position to control them through 
the contract clauses 
 Or other please specify…………………………………………………… 
xi. What risk mitigation strategy do you usually use?  
 Risk control/reduction 
 Risk avoidance 
 Risk transfer/deflect retention/acceptance 
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xii. To whom did you transfer risks in the project? In what forms? 
....................................................................................................................................
.................................................................................................... 
8. What remedial measures does your company use before the risks were happen? 
 Increase manpower and/or equipment 
 Increase the working hours 
 Change the construction method 
 Change the sequence of work by overlapping activities 
 Coordinate closely with subcontractors 
 Close supervision to subordinates for minimizing abortive work 
 Or other please specify……………………………………………………………………. 
9. Does your company consider construction insurance provisions in your contract conditions in 
relation with clients? 
a. Yes                            b. No 
10. Does your company normally interact with insurance companies in risk identification, 
allocation and insurance policies before or during construction? 
a. Yes                            b. No 
11. Does your company ever encountered any severe accident/damage during construction of 
projects you were involved?  
a. Yes                            b. No 
If your answer is yes, please describe the extent of the damage occurred and how the damage 
remedied (if possible in monetary terms) 
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Part Two: Questions related with Applications/models that used to manage/analyze risks 
1. Which applications/softwares that used to manage/analyze risks do you know? Please 
specify………………………………………………………………………………………
………………………………………………………………………… 
2. Does your company use the models/software to analyze/manage risks? 
1. Yes                        b. No 
If yes please specify it…………………………………………………………………. 
3. Why do you think risk simulation softwares have been applied in a quite low importance 
to manage risks………………………………………………………………………….  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
 
 
 
 
 
 
 
 
 
 
 
 
  
93 
 
  
Part Three: Questions related to the impacts of risk factors and responsibilities 
The table below contains different risk factors, please assign the level of impacts for each risk 
factor, and allocate each risk factor to the concerned responsible party. 
Key 
1 – Very low impact; 2 – low impact; 3 – medium impact; 4 – high impact; 5 – very high impact 
N
o
. 
Factors 
Impacts Allocation 
1 2 3 4 5 
C
o
n
tr
ac
to
r 
(a
) 
 
O
w
n
er
 (
b
) 
 
B
o
th
 (
a 
&
b
) 
 
C
o
n
su
lt
an
t 
 
In
su
ra
n
ce
  
Ig
n
o
re
d
  
1 Design changes            
2 Actual quantities differ from the contract quantities            
3 Resource management problems            
4 Changes in management ways            
5 Lower work quality in presence of time constraints            
6 Delayed payments on contract            
7 Legal disputes during the construction phase among the 
parties of the contract 
           
8 Financial failure of the contractor            
9 Unmanaged cash flow            
10 Adverse weather conditions            
11 Lack of consistency between bill of quantities, drawings 
and specifications 
           
12 Acts of God            
13 Unavailable labor, materials and Equipment            
14 High competition in bids            
15 Inaccurate project program            
16 Inflation            
17 Defective design (incorrect)            
18 Difficulty to access the site (very far, settlements)            
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N
o
. 
Factors cont’d 
Impacts Responsibility 
1 2 3 4 5 
C
o
n
tr
ac
to
r 
(a
) 
 
O
w
n
er
 (
b
) 
 
B
o
th
 (
a 
&
b
) 
 
C
o
n
su
lt
an
t 
 
In
su
ra
n
ce
  
Ig
n
o
re
d
  
19 Inaccurate quantities            
20 Awarding the design to unqualified designers            
21 Occurrence of accidents because of poor safety procedures            
22 Varied labor and equipment productivity            
23 Rush design            
24 Difficulty to get permits            
25 Exchange rate fluctuation            
26 Supplies of defective materials            
27 Ambiguity of work legislations            
28 Delayed disputes resolutions            
29 Monopolizing of materials due to closure and other 
unexpected political conditions 
           
30 No specialized arbitrators to help settle fast            
31 Gaps between the Implementation and the specifications 
due to misunderstanding of drawings and specifications 
           
32 Ambiguous planning due to project complexity            
33 Poor communication between involved Parties            
34 Rush bidding            
35 Working at hot (dangerous) areas             
36 Information unavailability (include uncertainty)            
37 Unstable security circumstances (Invasions)            
38 New governmental acts or legislations            
39 Undocumented change orders            
40 Undefined scope of working            
41 Closure errors            
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N
o
. 
Factors cont’d 
Impacts Responsibility 
1 2 3 4 5 
C
o
n
tr
ac
to
r 
(a
) 
 
O
w
n
er
 (
b
) 
 
B
o
th
 (
a 
&
b
) 
 
C
o
n
su
lt
an
t 
 
In
su
ra
n
ce
  
Ig
n
o
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d
  
42 Labor shortage             
43 Unforeseen ground conditions             
44 Errors in drawings             
45 Shortage of materials in market             
46 Inaccurate materials estimating             
47 Poor site management and supervision             
48 Poor construction method             
49 Change orders/Variations             
50 Fluctuations (changes in cost)             
51 Injury to property and/or persons            
52 Frequent changes in law             
53 Exchange rate fluctuation             
54 Cash flow problem            
55 Materials damage during transportation             
 
Thank you again! 
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APPENDIX C: RESULTS FOR RISK FACTORS ANALYSIS 
Probability of occurrence and Level of impact for risk factors and its allocation (See details 
@ Appendix D (part a)) 
N
o
. 
Risk factors 
Probability 
of 
occurrence 
(100%) 
Risk 
impact  (5 
=Very 
high,              
4 = High, 
…) 
Allocation 
1 = Client 
2 = Contractor 
3 = Consultant 
4 = insurance 
1 Design changes 77 5 1 &3 
2 Actual quantities differ from the contract quantities 65 4 3 
3 Resource management problems 
63 4 2 
4 Changes in management ways 55 4 1, 2 & 3 
5 Lower work quality in presence of time constraints 70 5 2 
6 Payment delay 81 5 1 
7 Legal disputes during the construction phase among 
the parties of the contract 
63 4 1 & 2 
8 Financial failure of the contractor 71 5 2 
9 Unmanaged cash flow 72 5 1 & 2 
10 Adverse weather conditions 75 5 1 
11 Lack of consistency between bill of quantities, 
drawings and specifications 
72 5 3 
12 Acts of God 57 4 4 
13 Unavailable labor, materials and Equipment 74 5 2 
14 High competition in bids 59 4 1 & 3 
15 Inaccurate project program 65 4 2 
16 Inflation 76 5 2 
17 Defective design (incorrect) 72 5 3 
18 Difficulty to access the site (very far, settlements) 68 4 1 & 2 
19 Inaccurate quantities 65 4 3 
20 Awarding the design to unqualified designers 74 5 1 
21 Occurrence of accidents because of poor safety 
procedures 
64 4 2 
22 Varied labor & equipment productivity 61 4 2 
23 Rush design 68 4 1 & 2 
24 Difficulty to get permits 64 4 1 
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25 Exchange rate fluctuation 81 5 2 
26 Supplies of defective materials 79 5 1 
27 Materials damage during transportation 61 4 2 
28 Ambiguity of work legislations 63 4 1 & 2 
29 Delayed disputes resolutions 73 5 1, 2 & 3 
30 
 
Monopolizing of materials due to closure and other 
unexpected political conditions 
62 4 1 
31 No specialized arbitrators to help settle fast 63 4 1 & 2 
32 Gaps between the implementation and the 
specifications due to misunderstanding of drawings 
and specifications 
66 4 3 
33 Ambiguous planning due to project complexity 65 4 2 
34 Poor communication between involved Parties 66 4 1, 2 & 3 
35 Rush bidding 74 5 1 & 3 
36 Working at hot (dangerous) areas 74 5 1 
37 Information unavailability (include uncertainty) 71 5 1, 2 & 3 
38 Unstable security circumstances (Invasions) 54 4 1 & 4 
39 New governmental acts or legislations 65 4 1 & 2 
40 Undocumented change orders 75 5 1 & 3 
41 Undefined scope of working 65 4 3 
42 Closure errors 68 4 1, 2 & 3 
43 Labor shortage 72 5 2 
44 Unforeseen ground conditions 61 4 1, 2 & 3 
45 Errors in drawings 76 5 3 
46 Shortage of materials in market 65 4 2 
47 Inaccurate materials estimating 66 4 3 
48 Poor site management and supervision 62 4 2 & 3 
49 Poor construction method 83 5 1 
50 Change orders/Variations 88 5 1 & 3 
51 Fluctuations (changes in cost) 68 4 2 
52 Injury to property and/or persons 52 4 2 & 4 
53 Frequent changes in law 72 5 1 & 2 
54 Cash flow problem 63 4 1 & 2 
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APPENDIX D: ANALYSIS OF DIFFERENT SURVEY RESULTS 
A. Analysis of Risk Factors and its Weighting 
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B. Probability of occurrence and impact of risk factors 
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C. Project schedule analysis for sample projects 
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D. Risk response practice 
 
 
E. Analysis of planned vs. actual performance 
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APPENDIX E: RELIABILITY ANALYSIS AND STATISTICAL PROOF 
No. 
Co. 
code 
Cycle 
Min. Total time 
consumed 
(Hour) 
Date (in 2018 G.C) 
Min. Distance 
coverage 
(Km) 
Min. Expense 
including 
lunch (Birr) 
Data response 
 
1 ATC 2 4 Feb 8, Feb 19 40 140 Full data 
2 ASC 2 4 Feb 8, Feb 19 40 140 Full data 
3 BOC 2 4 Feb 9,Feb 19&May 16 40 140 Full data 
4 GBC 3 6 Feb 12, 15 & 21 40 180 Partial data 
5 DMC 3 6 Feb 12, 21 & Mar 2 40 180 Full data 
6 ZAC 1 3 Mar 3 20 120 No response 
7 ELC 3 6 Feb13, 16 & 22 40 140 Full data 
8 ADA 1 3 Feb 13 20 120 No response 
9 KAS 1 3 Feb 13 20 120 No response 
10 MEC 2 4 Feb 13 & 19 30 140 Full data 
11 ORR 2 4 Feb 14, 23& May 15 20 140 Full data 
12 RAC 3 6 Feb 14, 20 & Mar 3 60 180 Full data 
13 SAT 2 4 Feb 15 & 26 50 140 Full data 
14 SUN 2 4 Feb 15 & 26 40 140 Full data 
15 SUC 2 4 Feb 16 & 21 40 140 Full data 
16 TAC 3 6 Mar 4,6,10&May18 50 180 Full data 
17 UNC 2 4 Mar 4 & 6 40 140 Full data 
18 SAF 2 6 Feb 20 & 23 40 140 Partial data 
19 BAM 4 8 Feb 20, 23, 27, 28 60 200 Partial data 
20 DDC 3 6 Feb 27,Mar1&May 17 40 180 Full data 
21 TN 1 3 Feb 28 30 120 No response 
22 YC 1 3 Feb 28 30 120 No response 
23 ORC 2 4 Feb 28 & Mar 1 40 140 Partial data 
24 DUC 3 6 Mar 1, 5 & 12 50 180 Full data 
25 DAC 3 6 Mar 5, 13, 19 50 180 Partial data 
26 JUS 3 6 Mar 5, 13, 19 50 180 Partial data 
27 ETH 2 4 Mar 2 & 5 20 140 Partial data 
28 DEF 1 3 Mar 6 20 120 No response 
29 ENC 1 3 Mar 7 30 120 No response 
30 YGC 1 3 Mar 7 30 120 No response 
31 ETC 3 6 Mar 6, 19 & 21 50 180 Full data 
32 BER 2 3 Mar 8  30 120 No response 
33 GUE 3 6 Mar 26,  Apr 2 & 9 60 180 Full data 
34 EGR 1 4 Apr 2 , 9 40 140 Partial data 
35 RAD 1 3 Apr 10 30 120 No response 
 Total  - 158hr. - 1330Km 5,160Br. - 
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APPENDIX F: SAMPLE COOPERATION REQUEST FORMAT 
 
 
